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FOREWORD 
This report  waa  prepared by Avco Corporation,  Syptems 
Mvision, Lowell, Massachusetts 01851, under  National  Aeronautics 
and Space  Administration  contract NAS 1-7407., titled  "Preparation 
and  8hnracterisation of Pyrrone  Moldings f o r  Mechanical  and 
Structliral  Applications." The program was administered  under the 
direction of the Langley Research  Center,  Langley  Station, 
Hampton, Virginia 23365. The author, Dr. Charles T Hughes,  Plastics 
Research  Section,  served  as  Project  Manager. 
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I. INTRODUCTION 
Many  novel  polymer  structures  have  been  studied in recent 
years to find  thermally  and  structurally  superior  resins.1-5 
The majority  of  commercial  uses  have  thus  far  been  filled-  by  the 
polyimides  which  have  good  thermal  and  structural  properties  and 
relative  ease  of  fabrication.  The  polybenzimidazoles  have  also 
been  studied  extensively  but  poor  resistance  to  oxidation  has 
limited  their  use.  However in the  search  for  the  ultimate in 
thermal  stability,  theoretical  considerations  suggest  that  the  more 
complex,  double-stranded  polymers$  of  which  the  polyimidazopyrrolones 
is a typical  example,  should  be  superior  to  the  polymides  and  poly- 
benzimidazoles,  both of.which contain  higher  proportions  of  single 
bonds.  (See  Figure 1). These  polymers,  which  are  commonly  called 
Pyrrones, may be full ladder or step  ladder in overall  structure, 
depending  on  whether  there  are  single  bonds  in  either  of  the  monomers. 
The  predicted  superiority  of  such  double-stranded  polymers  has 
been  indicated  only for very  thin  films  and frber~.~,~ The  inability 
to achieve t e desired  properties  in  the  potentially  useful  moldings 
or laminates , in  addition  to  excessive  release  of  volatiles  during 
cure, has seriously  hampered a full evaluation  of  these  polymers. All 
of  the  early  preparation  of Py-rrones3~~,9-~~ utilized  the  solution 
route  used  successfully  for  preparing  the  polyimides.  This  route 
involves  the  formation f high-molecular  weight  precursor  polymers  in 
which  the  pol@er  formation is interrupted  at  the  uncyclized  amide- 
acid  stage  (Figure 2). The flexibility  in  the  polymer  backbone  derived 
from  the  three  single  bonds  of  the amide polymer  imparts  solubility  and 
flow  to  the  molecule;  this, in turn,  permits  relatively  easy  fabrication 
techniques. T h i s  tractibility  can  also  be  obtained  to a s mewhat  equiva- 
9 
lent  extent in the  rones  by  stopping  the  reaction  at  the  amide-acid- 
amine  form  (Figure 
There  are  two  problems  associated  with  the wrones. The  release 
of  two  moles  of  water in curing  to  the  Pyrrone  group  doubles  the  amount 
of  volatiles  released  in  comparison  to  the  polyimide  cure,  thus  compounding 
the  problems in fabricating  large  specimens. A more  subtle,  yet  equally 
troublesome  trait  of  working  with  the  Pyrrones  is  the  likelihood  of  cross- 
linking or  some  similar  interaction  between  the  amino  and  the  acid  groups 
which  exist in the  precursor  polyamide.  Such  interaction  could  lead  to 
reduced  processability  and/or  lowered  thermal  stability. 
This  report  describes  the  results  of an investigation  of a fundamentally 
different  approach  to  the  formation  of  high  molecular  weight,  fully 
cyclized,  Pyrrone  polymer.  The  conventional  route  described  above is 
characterized by'an initial  polymerization  step,  followed  by  the  cyclization 
step  during  the  cure.  These  steps  can  be  represented  as  shown in Figure 3. 
The  approach  taken i this  investigation  involves  an  initial  step  which 
leads  to  low  molecular  weight, fully cyclized  oligomers  which  are  later 
the  Cyclization  completed  during  the  cure  step  (Figure 3 ) .  
portion  of  the  cyclization  and  attendant  release  of  volatiles 
prior to the  synthesis  of a high  molecular  weight  polymer 
polymerized  and 
Thus at  lease a 
is accomplished 
species. 
1 
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The  process is actually  more  complex  than  indicated in Figure 3 
since  the  low DP (degree  of  polymerization)  oligomers  must  be  made 
as separate  amine  end  capped  and  anhydride  end  capped  materials  for 
stability,  as  well as  for  control  of  chain  length.  These  oligomers 
must  then  be  mixed on a molecular  scale in such a fashion  that  chain 
extension  (polymerization) is minimized  prior  to  the  curing  cycle. 
The  desired DP for  the  oligomers  depends  upon  the  internal  flexibility 
of  the  monomers  and  the  end  product. bough flow  character  must  be 
present  to  permit  the  participation  of  the  mixed  oligomers in the  chain 
extension  reaction,  wetting  of  reinforcement  or  filler  surfaces,  and  to 
fill voids  left  by  release  of  volatiles  and  shrinkage  effects.  The 
higher  the DP of  these  oligomers  the less is the  volatile  problem.  For 
example,  oligomers  of  DP- 1 4 2  have  only a third  the  volatiles  of  the 
conventional  route  resins;  higher  DP  oligomers  have  lower  volatile 
content.  However,  the  flow  characteristics of fully cyclized  material 
drops  drastically  with  increasing  DP  because  of  the  high  rigidity  in 
the  polymer  backbone.  Thus  the  initial  work  was  done  using  monomer 
ratios  which  would  give an average  DP of 1-1/2. If the  oligomers  are 
synthesized  under  conditions  that  promote  complete  cyclization,  the 
likelihood  of  branching  reactions  is  decreased  to  same  extent  as  the 
volatile  content.  Figure 4 shows  the  structural  formulas of both 
anhydride  and  amine  end-capped  oligomers  of  DP 1-1/2, which  were  the 
initial  synthesis  goals  of  this  program. 
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11. INITIAL SPNTHESIS 
The  pyrrones  can  be  formed  from  the  reaction  of  w de variety 
of  tetraacid8  and  tetraamines.  The  monomers  which  were  used in this 
investigation  were 3,3'-4,4' benzophenone  tetracarboxylic  acid 
dianhydride (BTDA) and 3,3 '-4,4' tetraminobiphenyl (DAB) . The  work 
which  was  reported in reference 10 was  used  as  basis  for  picking  the 
reaction  temperatures.for  the  formation  of  partially or  fu cylized 
oligomers. It was pointed  out  that  the  imide  ring  formation  (the  second 
step in the  desired  reaction  sequence)  starts  to  take  place  with  
significant  rate  above 15OOC and  the  final  pyrrone  ring  formation  requires 
temperatures  above.2000C.  However,  the  initial  oligomer  synthesis 
attempts were made  at  room  temperature in dimethyl  formamide (DMF) to 
get  first  hand  information  about  the  onset  and  the  extent  of  gellation. 
A 2:l monomer  ratio  (anhydride  to  amine)  was  used f o r  the  initial 
synthesis of anhydride  capped oligomer which  was  considered  the  more 
critical  of  the  two  because of the  high  reactivity  of  the  end  groups. 
Thir should  give an average  degree of polymerization (DP) i.e., number 
of repoat  units in %he  chain,  of 1 4 2 .  The  anhydride end capped 
oligomer  solution  gelled  before  the  complete  addition  of  the  amine.  The 
data  for  these  and  similar  initial  experiments  are  given in Tabl  I. 
This establiahed  that  the  branching  reaction  does  indeed  occur  and  rapidly  at 
room  temperature if the  local  stoichiometry is changed  from 1:l and 
corroborates  the  literature  data in which  gellation  occurs  when  anhydride 
is  in excess. Consistent  with  this  thesis the  much  lower  gel  formation 
observed in experiment 3 which  was run at room  temperature  but at one  tenth 
the  concentration  of  the  previous r ns. The  amine  capped  oligomer 
(Ekperiment 478-49) in contrast  gave  only  some  slight  amount  of gel 
particles  immediately  though  complete  gellation  did  occur  after  three 
week8  at  room  temperature.  This  probabily  means  that  the  amine  groups 
react  much more rapidly  with  the  anhydride  end  groups  than  with  acid 
groups.  Attempts  were  made  to  extract  nongelled  low DP oligomers  from 
the above solutions  and  gels  with  only  partial  success. 
Oligomer  eynthesls in refluxing DMF (b.pt. 155OC), shown  in  Table 11, 
gave  further  ovidence  for  the  idea  that  the  synthesis  should  be  done  under 
conditions  that  promoted  complete o r  nearly  complete  cylisation  within  the 
chain. The oligomer  should go through  the  amide-acid-amine  stage  to  the 
imideamine form in the  refluxing DME'. This should  reduce  the  extent  of 
gellation in the  ahhydride  capped  oligomer  and  possibly  eliminate  it in 
the  amine  capped  oligomer.  The  anhydride  end-capped  oligomer  showed on ly  
small amount8  of gel particles  but  was  very  viscous  while  the  reaction mass 
from amine capped  oligomer was very  low in viscosity  and  had  even  less  gel. 
Initial  attempts  at  purification  did  not  give a well defined  crystalline 
product.  ?orhaps  this is due to the  formation  of a mixture  of  isomers, 
t h o  of vhioh are  possible.  However,  the  paper  chromatograms  showed 
narrow  bandr for the amine cappod  oligomer.  The  much  lower  quantitites  of 
go1 and tho vory low vircosity  of  the  amine  capped  oligomer  solution 
appoarr to rubatantiate  the  contention  that gel fonnation  is  due to
rvction of tho  free d m  wlth  anhydride  end  groups in the  amide-acid-amine 
pr.cursor and that t h e  imide-amine  intermediate  reduce8 this branching  reaction. 
m i d o  cappod oligomer in the  imide-mine  form  gave  negative  test  for 
4 
TABLE I 
Ekperiment 
No. 
PREPARATION OFXMIDE-ACIILPNINE FCRM (A-A-A) PYRRONE OLIGOMERS 
478-48 
478-45 
478-47 
2hlSuaE bnomer 
Concentration 
Anhydride 
Anhydride 
Anhydride 
0.4M Complete  g llation  after 
70% of  amine  addition 
0 . 4 ~  Complete  g llation  after 
80% of amine  addition 
0 . 0 4 ~  Very small amount  of gel; 
impractical  concentration 
478-49 Amine 0.4” Very small amount  of  gel 
immediately;  complete 
gellation  after 3 weeks 
at  room  temperature 
5 
Ekperiment 
No. 
478-52 
478-70 
478-88 
478-89 
TABU I1 
PREPARATION QF IMIDE-AMINE (LA) PYRRONE OLIGOMERS 
Fhd Cap 
Anhydride 
Anhydride 
Anhydride 
Anhydride 
Reaction Temperature 
OF OK 
295 (419) 
300 
478-54 Amine 295 ( a 9  1 
w: Al oligomers were prepared in  r e f lux ing  DMF a t  04.N 
excent as noted i n  remarks. 
Remrks 
L i t t l e  ge l la t ion   bu t  
very  viscous 
S l igh t   ge l l a t ion  
Complete gellation; 
5 hour addition time; 
concentration reached 
0.6M j u s t   p r i o r   t o  
ge l la t ion ;  DMF d i s t i l l e d  
off as DAB solution 
added. 
Complete gellation; 
1 5  min. addition time; 
concentration reached 
O.5M a t  time of ge l la t ion ;  
DMF d i s t i l l e d   o f f  as fas t  
as DAB solution 
Sl ight  gel la t ion;  low 
viscosi ty  
No ge l l a t ion  
concentration 
6 
for aromatic-mine. This lack of normal amine a c t i v i t y  may be 
due i n  p a r t   t o  steric hindrance but i s  more l i k e l y  due t o  hydrogen 
bond ring formulation. Attempts to use N-methyl pyrrolidone ( N I P )  and 
dimethyl eulfoxide (DMSO) as high  boi l ing  so lvents  to  ge t  d i rec t  reac t ion  
t o  the imidazopyrrolone structure went awry due to degradation of the 
solvent or reaction of the solvent with the monomers under reflux conditions. 
Infrared spectra of the product from the react ions run a t  room 
temperature i n  DMF were obtained on films made by vacuum drying the 
CkiF solution on a salt  plate.  These spectra were made a t  room temperature 
and again after heat ing for  30 minutes a t  XIOOF, 300?F, 400°F,  500°F, 
and 600*. These spectra, Figure 5, show the gradual changes from A-A-A 
t o  pyrrone structure. The majo changes are the very large reduction in 
carbonyf absorption a t  1250 -an-' and the increase in imide band a t  
730 cm- . The imide and imidazole bands a t  1760 cm-1 and 1620 cm-1 
respectively are not so apparent. It i s  ossible  that  they are  masked 
by the strong anhydride bands a t  1690 cm-' and 1780 cm-l which are  in-  
creasing along with the 1865 an-l anhydride band as  the heat ing time and 
temperature increase. The spectra  of  oligomer  from  experiment 478-52 
(BTDA capped; refluxing DMF) was s imi l a r  t o  tha t  o f  t he  300°F spectra 
dePcribed above. This i s  a s  expected since the temperature of the refluxing 
.DMF solution was 1 4 5 O C  ( 2 9 3 9 ) .  While it appeared that  cycl izat ion had 
taken place beyond the  A-A-A form and t h a t   t h i s  improved the synthesis 
reaction, some branching and/or crosslinking was s t i l l  taking place. The 
pynthesis temperature was still  below that believed necessary for complete 
cyclization to the pyrrone form (except for the experiment with NMP i n  
which solvent degradation occurred). Thus a search for other solvents with 
higher boiling points and/or beBter s t a b i l i t y  was conducted. 
Polyphosphoric acid (PPA) wae considered because of i t s  value i n  
promoting the acid-amine reaction in preparing the BBB polymers,8 but the 
efiremely low so lubi l i ty  of  the  monomers i n   t h e  PPA mil i ta ted against  t rying 
it  md the concentrnted sulfuric acid was t r ied instead.  An anhydride capped 
oligomer synthesis was successfu l  to  the  ex ten t  tha t  no ge l  was observed and 
the t e s t  for aromatic amine was negat ive.  This  la t ter  tes t  was especially 
fruitful because it indicated that  a substant ia l  cycl izat ion had indeed 
taken plnce. However, complete  removal  of  the sulfuric acid could not be 
obtained despit repeated waphing or extraction with water. Perhaps the 
su l fur ic  ac id  was reacting with the amine or the aromatic nuclei  to form 
sulfamides or sulfonic acids. Nonetheless the system was abandoned when 
it WRS found tha t  the  ac id  caused complete gellation during 'synthesis 
of the amine capped oligomer. 'Figure 6 shows the infrared spectrum of 
anhydride capped oligomer made i n  concentrated sulfuric acid with BTDA i n  
the reference beam. 
The lack of immediate success with the inorganic acid solvebts started 
a further look at  the polar organic solvents.  DMF was considered for use a t  
above ambient pressure (500-700 psig) so that  the boi l ing point  would be 
raisedoto tU 200°C. Hexamethyl  phosphoramide (HMP) with a boiling point 
of  220 C was a l s o  t r i e d  as a solvent. The high pressure DMF runs were 
made i n  s t a i n l e s s  steel pressure veesels with a nitrogen atmosphere t o  
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ra i se  the  pressure  to the  500-700 ps ig  r ange .  In i t i a l  t r i a l s  were made 
by mixing the  two so lu t ions   i n  a nozzle and then   f la&ing   the  mixture t o  
atmospheric pressure. However, the high pressure DMF solvent runs, both 
anhydride and amine capped, and the  hexamethyl phosphoramide high temperature 
run gave negative results. The product i n  each case was water soluble 
and gave pos i t i ve  t e s t s  fo r  a romat i c  amine. 111 spectra were subs tan t ia l ly  
different  than those from inso luble  res in  as  shown in Fjgure 7. It appeared 
t h a t   t h e  water from the  initial kmide ring formation was kept  available f o r  
hydrolysis and the result ing equilibrium was not  in  favor  of fu l l  cyclization. 
A second method t r ied using cyclohexanone a s  a poor solvent i n  which the  
two monomers (BTDA and DABJ were just  soluble  a t  the boi l ing point ,  hoped 
that any reaction products would precipitate immediately. The low mobility 
i n   t h e   s o l i d   s t a t e  should reduce branching substantially and might well 
eliminate it ent i re ly .  The product of t h i s  experiment was an orange 
prec ip i ta te  which formed immediately upon addition of the  boi l ing amine 
solution to the boiling anhydride solution. The 711 spectrum of t h i s  product 
showed the correct peaks f o r  anhydride end groups and strong indication of 
imide rings but also showed  some solvent remaining even after prolonged 
heating under vacuum. A repeat experiment with cyclohexanone led t o  the 
overall  resin recovery of only 50 percent ;  therefore  this  solvent  was 
abandoned t o  look for higher boiling solvents. 
It appeared possible that another acidic solvent but one which was 
not  react ive t o  the benzene r ing might have the advantages but not the dis- 
advantages of sulfuric acid.  Sulfonic acids f i t  th i s  c r i t e r ion  bu t  t he  
one s gested in  reference 8 (methane sulfonic  acid)  had too low a boi l ipg 
point?only 167OC) tn permit reaction all the  way t o  the pyrrone structure. 
Consideration of the sulfonic  acids  was s tar ted with benzene sulfonic acid 
(BSA) since it was a t   l e a s t   r e l a t i v e l y   s t a b l e  t o  2OOOC and had a much lower 
melting point ( 5OoC) than did the P-toluene sulfonic acid (106OC). 
The next run, Ekperiment 478-95 (Table 1111, was  made therefore  in  BSA 
which i s  a strong acid but i s  not a sulfonating agent. Ekperiment 478-95 was 
run at  half  the concentrat ion of the previous runs with a double condenser and 
a 25 percent excess of BTDA (mole r a t i o  2.5 :1). T h i s  l a t t e r  change was  made 
t o  reduce the average DP of the product. No ge l  was seen. However, the 
isolation procedure was more complicated than anticipated. The r eac t ion  
solution was i n i t i a l l y  poured in to  a la rge  volume of cold water. A l i g h t  
colored flocculent precipitate separated immediately but changed t o  a dark 
colored syrup as  the rat io  of reaction solution to water approached 1:3. 
The dark syrup could be changed t o  the l ight  colored precipi ta te  by mixing 
with more water i n  a blender. However, the removal of the  BSA hit a snag 
when the pH of the  wash water rose to about 3 . 5 .  Here a large port ion of 
the  prec ip i ta te  became dispersed apparently in colloidal suspension, because 
prec ip i ta t ion  would not eccur even under centrifugation. Due to  the  l a rge  
amount of washing coupled with the separation problem, extract ion was t r i e d  
t o  remove the  BSA. Both water and acetone are successful but each has i t s  
advantages and disadvantages. The acetone extracts most of the  BSA more 
quickly but the water does a more complete job. The acetomwas t r ied in  the 
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TABLE I11 
EFFMT OF BSA SOLVENTS ON OLIGOMER SYNTHESIS 
&ut  
478-95 
478-99 
478-102 
F 
Is 
478-103 
L78-106 
478-110 
, m  , &le 
CaDDed  Ratio  Conc.  TemDerature  'Solvent 
Anhydride  2.5/1 a/ 21006 benzene 
.25M  sulfonic 
acid; 
highest 
purity(w) 
Anhydride 2.5/2 .2M 
Amine 2.15/1 .2M 
M n e  2.15/1 a/ 
.3M 
Anhydride 2.01/1 0.2M 
Amine 2:l 0.2M 
0.3M 
210% 
17OoC 
17OoC 
2000 
20oOc 
Benzene 
given 
' R e m a r k s  
(ppt.  i toH20) 
Yes  Resin  light  green 
BSA; refined yes 
technical 
BSA (HP)  no
BSA (Hp no 
BSA (HP) Yes 
very 
slight 
amount 
BSA; 
refined 
technical 
Resin  black 
(ppt. in  acetone) 
Dark  orange 
(ppt.  into  acetone) 
Resin  dark  oraage 
(ppt.  into  acetone) 
resin  light yellow 
green  in H$; light 
orange in Acetone 
(ppt. in Hz0 80% 
and  acetone 20% 
Decomposition 
occurred in monomer 
salutions  before 
oligomer  synthesis 
hopes  that  hydrolysis-of  the  end  groups  would  not  occur,  thus  eliminating 
the  extra  step  of  cyclization  under  vacuum.  Unfortunately,  the IR s ectra 
of  the  acetone  washed  product  shows  strong  acid  bands  (see  Fig. 8 a P ) thou h
the  hydrolysis  may  have  taken  place  during  the  initial  precipitation in wa er. 
Figure 8 (b)  shows  the  reappearance  of  the  anhydride  bands  and  the  intensifi- 
cation of the  imide  and  imidazole  bands  after  heating in vamum at 210°C 
for 2 hours. It is interesting  to  note  that  the  acetone  washed  material 
is a light  greenish  white  color  that  turns  to  bright  orange  yellow  when 
heated  to 210°C under  vacuum.  The  orange  yellow  color  turns  to  greenish 
again  when  extracted  with  cyclohexanone  but  returns  when  reheated  to 210°C. 
By  using BSA as solvent  it is possible  to  synthesize  the  oligomers  at 
such  temperatures  that  the  reaction  appears to go directly  to  the  pyrrone 
form  without  side'chemical  effects  or  the  necessity  of  high  pressures. 
Samples  from Ekp. 478-95 and Ekp. 478-104 showed  no  sulfur  after  extraction 
with  water  and  drying.  Furthermore  there  was  no  evidence  of  gel in any 
runs  made in BSA. These  synthesis  data  and  solvent  removal  data  are 
listed in Tables I11 and IV respectively.  The IR spectra  of  the  dried 
l1anhydridef1  capped  oligomer  from Exp. 478-95 showed  substantial  carboxylic 
acid  bands  from  hydrolysis  of  the  end  groups.  Heating  to  recyclize 
the  anhydride  groups,  extraction  of  this  with  cyclohexanone  to  remove 
excess BTDA and  reheating to 210°C gave  the  spectra  shows  in  Figure 9 (a). 
This is very  similar in features  to  that  shown in Figure  8(b)  which  was 
not  extracted  but  with  major BTDA bands  gone.  Features  of major interest 
are  the  anhydride  peaks  at 1860 cml, 1780 cm-l,  the  imide  peak  at 715 cm- 
and 1760 c m 2  and  the  imidazole  peak  at 1620 cm-l.  The  amine  capped 
oligomer  shows a very well defined  imide  band  at 1750 cm-1  but  the  imide hnd 
at 720 cm-1  and  the  imidazole  band  at 1620 cm-1  both  appear  broadened  by 
ill  defined  small  bands  as  shoulders.  These  features  are  shown  in 
Figure 9 (b). 
1 
The  problem of precipitation  of BSA material  with  intermhdiate  pH  was 
solved in two  ways.  The  first  solution  went  through  the  critical pH range
in a soxhlet  extractor  using  either  water or acetone.  The  second  solution 
was  to  wash  with 0 . U  HC1 (pH of al) followed  by a washing  with  distilled 
water.  The  settling  remained  rapid  throughout  seven  wash  cycles  which,  with 
the  centrifugation  to  speed  the  settling,  was  done  in 4 hours.  Overnight 
extraction  with  water  gave a sulfur  free  product.  This  latter  method  is 
probably  more  feasible  for  large  scale  operation  than  the  extraction  technique. 
In  parallel  with  the  polymerization  studies,  work  to  improveamonomer 
purity  and  to  define  the  effect  of  monomer  purity  on  the  oligomers  and 
final moldings  was pursued. The  study  of  the  effect of monomer  purity 
showed  no  significant  difference in operation  of  the  synthesis.  Resin 
color  and  precipitation  behavior  for  the  recrystallized  monomer  did  not 
appear  different  fromffie DMF made  material  or  the llas received"  monomers 
run in BSA. 
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‘TABLE IV 
EFFECT OF OLIGOMER WASHING PROCEDURE ON SULFUR CONTENT 
Solvent  Liquid used i n  Liquid used f o r  
PreciDitat ioq  Wract ion 
Time of u 
10 days 0.0% 
7 washings 0.0% 
478-95 lio additional 
purification H2° 
Case I Acetone 
Case I1 H20 
low i n  heavy metals 
from DPI; monohydrate 
0.0% 478-102 H2° 7 days no additional 
purification 
low i n  heavy metals 
from DPI; monohydrate 
0.0% no additional 
purification H2° 
H2° 7 days 
low i n  heavy metals 
from DPI: monohydrate 
I 478-106 
I 
478-99 
Case I 20 hrs. H20 
Case I1 20 hrs. 
Acetone 
2.0% 
1.8% 
no additional 
purification 
no additional 
purification 
Acetone 8 days 3. 45% 
Refined Technical 
(poor quali ty 1 
478-ll0 as received * 
Refined Technical 
(poor quali ty) 
*F‘roduct was l ike  black mud and extraction gave no useful  resin 
Resin was made i n  stainless pressure vessels with mixing i n  high shear gun; gross solvent degradation occurred. 
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AMINE CAPPED OLIGOMER 
TGA curves  were  obtained on many of the  early  oligomers  as  part 
of a .-continuing effort to  characterize  the  llusterial.  Significant 
diffe&n&bs in the  curves of the  early  oligomers  are  shown in Figure 10. 
Both the curves  appear  to have three  dips in them  but  the  temperature 
at  which  the  changes  occur  and  the  magnitude  of  the  changes  vary  con- 
siderably.  Ekperiment 478-59 (Fig. 10 (a)  made in concentrated  sulfuric 
acid,  shows  three  quite  prominent  dips  with  the  largest  at 12OoC, the
second at 5OOOC and  vestiges  of  one  at 700OC. Although  Ekperiment 
478-63 (Fig. 10 b)  was a l s o  carried  out in DMF at 205OC the  first  dip 
is at F/ 750C, the  second  at 3OO0C, a third  at  about 500°C and  possibly 
the  hint of a fourth  at 700OC. Attempts  at  identifying  the  material 
lost  at  these  dips n the  curves  by  gas  chromatography  and  pyrolysis in 
a special IFt cell  failed.  Whether this was  due  to  the  fragments  being 
too high in molecular  weight and therefore  not  sufficiently  volatile 
o r  other  problems  was  never  defined.  Instrument  sensitivity s probably 
not  the  main  reason  since  material in smaller  quantities  than  the  dips 
indicated  have  been  examined  by  these  techniques many times in our 
laboratories; 
The  molecularly  mixed  oligomers  generally  have  shown a m re  complex 
TGA  curve  with  four.  breaks  in  the  curve.  Typical  is  the  curve  from 
Figure 11 run in helium  of 4.78-ll4.A (meriment 37-38) which has dips 
at  about 50OC,  2OO0C, 500°C, and 700%. The  companion  curve  of  the  same 
material  done in air  (Fig. 11) makes a very  interesting  comparison.  The 
similarity  of  the  curves  out  to 5OO0C both  level  and  shape  indicates  that 
the  oxidation  up  to  that  temperature  is  either  inconsequential or at  least 
very  slow  relative  to  the  test  time  at  temperature  above  350OC.  This 
speculation  of  relatively  slow  oxidation  rate  is  corroborated by the 
relatively  little  charring  seen in flexural  test  samples  done  at  700-1000°F 
(370-54OOC). The  flexural  test  samples  see  the  final  test  temperature  for 
15-30 minutes  and  yet  retain  the  brownish  color  they  had  at  the  start. 
Even  test  sample  fragments  that  remained in the  oven  over  several  test 
periods,  peahaps 2-3 hours  at lOOOOF,  have  not  been  completely  charred. 
Figure 12 shows  the  effect  of  the  pH  level  of  the  washed  powder  and 
the  molecular  mixing  temperature on the  thermal  stability  as  measured 
by TGA data. 478-1268 was  made by mixing  at llO°C and  washing  to  ph 
1.5-2.0, 478-126C was also  mixed  at llO°C but  was  washed  to  ph 4.5 
and 478-13011 was mixed at 17OoC and  washed to the  low  ph  value (1.5-2.0). 
All of  the  resin  came  from  the same runs (Ekperiment 478-126). The  extra 
acid  left  behind,  in  washing  only  to  the l w  (1.5-2.0),. appears to 
cause  an  extra  weight loss  starting  about 300 C .  Both  the  air  and  helium 
runs on  the  low  pH  material  show  an  extra  dip  over  the  high  pH  material 
in this  range.  The  result  ie  that  the  low  pH  material  has 8-10 percent 
more  weight loss at 5OO0C than  the  high  pH  material.  There  appears  to 
be  no  significant  difference  whether  the  molecular mixing temperature 
is l l@C o r  1 7 O O C .  At  most  there is a slight  shift to lower  temperature 
in  this  dip  as  the  molecular  mixing  temperature  goes  up. 
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The uae of BSA as a solvent in  the  molecular mixing and/or 
synthesis introduced  problems  a8  well  as  apparently solving some. 
Although RSA is monofunctional and therefore  cannot  normally  be 
involved in the  main  chain  backbone,  it  can  react  with  the  amine 
end groups to stop  chain  growth, or react  with  amine  along  the 
chain  to form short branches.  Furthermore  it  can  act  as  a.plasti- 
cizer if it remains in the  molding  powder  even  without  direct 
chemical  bonding  to  the  oligomers  or  polymer  chains.  While  washing 
with  water  and/or  benzene  was  expected  to  remove  it  completely  from 
the  resin  powder,  tests  were  performed  to  determine  the  overall 
neutrality  of  the BSA as a solvent  and  insure  its  complete  removal 
during resin workup  if  that  were  most  desirable. 
The  initial  tests  were  sulfur  determinations  which  indicated 
that  extensive  washing  could  give  sulfur  free  oligomer  mixtures 
as  shown in Table V. The  first  three  are  molecularly  mixed  powders 
(Experiment 478-70 and  Experiment 478-71 mixed  in BSA) precipitated 
in water  and  then  washed  to  free  them  of BSA by  the  methods  described 
in  the  table.  The  next  five  are  moldings  made  from  molding  powder 
given similar processing.  The  molding  cycle  does  not  result in any 
significant loss of  sulfur  that  exists  in  the  molding  power  as  shown 
by the  sulfur  levels  in  CH-146  and  CH-147. A comparison  of  CH-137 
with 1022-1 and 1022-2 indicates  that  insufficient  washing  even  with 
water  leaves  enough BSA behind  to  give a positive  determination. 
However  adequate  washing  can  give  "sulfur  free"  resin  powder,  although 
this  powder  may  not  be  completely  sulfur  free  since  the  limit of 
sensitivitjr.of  the  sulfur  apparatus  is  about 0.1 percent.  The  sulfur 
test  for  this  kind  of  organic  material  with  high  thermal  stability 
gave  troubles  since  furnace  temperature,  catalyst  concentrations  and 
combustion  times  that  gave  good  reproducibility  with  inorganic  standards 
gave poor  results  with  organic  standards.  Thus  when a correlation  of 
zero  sulfur  with  pH levels in  the  wash  water  above 4.5 was  uncovered 
further  chemical  sulfur  determinations  were  not  made  and the.more rapid 
determination  of  pH  values  were  substituted  for  control  purposes. 
Initial  moldings  were  made  from  powders  produced by grinding  together 
the  dried  oligomer  powders in either a mortar  and  pestle o r  a ball mill. 
The  mixed  oligomers  would  have  to  have  some  flow  to  obtain  good  densification 
and  enough  chemical  reaction  must  take  place  in  the m xture to  give a 
high  polymer  from  the  oligomer  molecules.  Further,  the  flow o r  viscosity 
of  the  oligomer  mixture was expected  to  be in a tug-of-war between a 
rising  temperature  acting  to  decrease  it  and  the  chemical  reaction  of 
chain  extension  acting  to  increase  it.  However,  if  these  parameters are 
to be controlled  effectively  then  the  mixing  must  produce  intimate  con- 
tacts  between  the  oligomer  end  groups  with  minimal  fluctuation in con- 
centration  throughout  the  powder.  The  effect  of  the  oligomer mixing 
methods  is  shorn  in  Table  VI. 
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TABLE V 
DEGREE OF BSA REMOVAL .A FUNCTION OF WASHING METHOD 
Material Designation 
478-70 
1022-1 
1022-2 
CH-137 
478-98 
478-112 
CH-146 
CH-147 
Washina  Procedure 
10 washes  with  uater  (about 
water  volume/wash) 
precipitate H20; extract 
w/benzene;  extract 10 days 
W/H20 
precipitate H 0 ;  extract 
w/benzene; edract 10 days 
W/H20 
6 washes  with  water ( 4 X  water 
volume/wash) 
precipitate H 0 ,  extract  acetone 
5 days  and 1 gay Hz0 
edract benzene 5 days  and 1 day 
H20 
H20 
H20 
extract  benzene 5 days  and 1 day 
extract  benzene 5 days  and 1 day 
LsLUlx 
none 
none 
none 
0.52 
1.43 
5.25 
5.5 
5.5 
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TABLF, VI 
COMEtESSION MaLDED DISKS OF PYRRONE OLIGOMERS AFTER MIXING BY DIFFERENT “ H O D S  
Weight Loss 
Iblding b thod  of gemp. Press Time Diameter i n   b ld i g  Specific 
Number Mixing E(oKPsiULin.Percent * 
CH-135 None-Amine oligomer 700 (6u) 1,000 60 .5 (12.7) 3.1 
Of iY 
1.26 
CH-123A bbrtar and Pestle 700( &) 1,000 30 0.5 (12.7) 4l.9 1.1 
for 5 min. 
CH-123B Mortar and Pestle 700(6&) 1,000 30 1.5 (38.1) 22.5 
for 5 min. 
1.12 
CH-133 Mortar and Pestle  700(6U) 1,000 60 1.5 (38.1) 12.8 1.14 
f o r  10 min. 
CH-134 II 700(&!+) 5,000 60 1.5 (38.1) 19.1 1.27 
CH-128 I1 750(672) 5,000 69 1.5 (38.1)  17 6 1.28 
1.07 
1.29 
CH-137 Ben~ene Sulfonic 700(&)  1,000 60 .5 (12.7)  7 4 
Acid  2980F 
( 4 l 8 k  
1.37 
m: Ibldings made from mixed 478-70 and 478-71 oligomers which had been recyclized 
under vacuum for  three hours a t  g00F (4.83OK) except CH-123A and CH-123B vhich 
were made from 478-70 and 478-54 uncyclized. 
1 
Oligomer foamed and prevented completion of molding cycle 
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All t h e   i n i t i a l  moldings except CH-137 were made by grinding dry 
the correct weight of the anhydride and amine components and loading 
i n t o  8 mold preheated t o  5009. The  mold was closed with contact 
pressure for 5 minutes and then breathed. The  mold was closed, pressured 
t o   t h e   f i n a l  molding pressure, heated to 7009 and held a t  that' temperature 
fo r  1 hour. All of the moldings were brit t le t o  some degree though only 
two moldings were fragi le .  lhough flow was exhibited by a l l   t h e  com- 
binat ions t r ied so t h a t  no sample appeared t o  be ju s t  compressed spheres 
or powder but very l i t t l e  or no f l a sh  was observed. However, none of the 
moldings gave a f rac ture  surface that looked homogeneous under 6ax micro- 
scopic examination. Sample CH-123A wuch-uas  mixed rather crudely showed 
black  s t r ia t ions of a glossy nature interspersed with thin l ight brown 
streaks of a granular or foamy nature and was the   l ea s t  homogeneous. 
Sample CH-128 ap eared almost uniformly black i n  color (very dark red 
in thin  sect ions P but  with  indications  that  there were small pockets of 
material d i f fe ren t  from the   r e l a t ive ly  uniform matrix. 
The weight loss from the  molding process was generally much higher 
than e ected. For example, with  both components ful ly  cycl ized 
DP-1-17 the  weight loss should be 5.3 percent and with both i n   t h e  imide 
form a t  D P - 1 4 2  the  weight loss should be only 10.0 percent. The value 
observed fo r  sample CH-127 i s  the only one c lose   to   the   theore t ica l  
(9.1 percent actual versa 7.7 percent theoretical  for 1 imide and 1 
pyrrone both D P - 1 4 / 2 1 .  Unremoved solvent and/or degradation o r  
vo la t i l i za t ion  of oligomer that has not  taken par t  in  the sol id  s ta te  
reaction may be the source of t h i s  discrepancy. Although the first 
three moldings were hardly optimized with regard t o  mixing, TGA curves 
appeared t o  have the  major knee above 50OoC. The weight loss a t  315OC 
(6000F) ranged from 14 percent to 4.2 percent. T h i s  difference may well 
be an a r t i f a c t  or t i e d   i n  with the molecular scale heterogeneity resulting 
from the crude miAng. 
The moldings l i s t e d   i n  Table V I  were molded from the nominal DP-1-1/2 
pyrrone materials a t  two different pressures. Moldings CH-130 and CH-131 
(ball milled for 48 hours) were run a t  750°F i n   t h e  hope that   bet ter  mng 
and flow might occur. Although the cross sections of these two looked 
homogeneous i n  color both were ve ry   b r i t t l e  and CH-130 appeared t o  have 
numerous voids accounting for i t s  low density. The second pa i r  mixed 
with mortar and pestle (CHG133 and CH-134) were molded a t  700 F and 
were less br i t t l e  bu t  much more heterogeneous i n  appearance. In each case 
the  5,000 psi pressure gave a significantly higher density. Each oligomer 
was a lso  molded separately and although each shared flow the amine capped 
material required etxceptionally large amounts of breathing (almost con- 
tinuous) t o  maintain constant pressure i n   t h e  mold despite the low weight 
loss.  During t h i s  breathing cycle the button (amine capped oligomer) being 
molded broke i n  two but healed iteelf during the   f ina l   p ressur iza t ion   a t  
700OF. The anhydride capped material foamed badly a t  5500F and caused 
mold separation preveding further processing. This phenomenon may be due 
t o  loss of C02 or CO f r o m  the anhydride moiety a t  this temperature. 
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Further attempt8 a t  mechanically mixing the  oligomer8 were dropped 
when it war found that benzene sulfonic acid (BSA) dissolved the cyclized 
OligOmaFI com letely. Ehch oligomer wae dissolved separately in  BSA 
heated t o  100 C, mixod, and the  mixture heated   fur ther   to  U S 0 C  before 
precipi ta t ion i n  water. The precipi ta te  was washed wi th  d is t i l l ed  water 
t o  a noutral  pH and gave about 80 percont yield. No significant increase 
in  so lu t ion  v i scos i ty  was observed during the heating cycle. However, the 
IR epectra of the  mixed oligomers (Fig. 13 a)  shared the more featureless  
spectra of a polymeric system which would indicate  some chaln extension. 
The prec ip i ta te  was molded t o  700OF a t  ,only 1,000 psi   pressure (CH-137) 
and gave a molding with the very high specific gravity of 1.37. Qually 
important, the sample required very significant preasure to fracture and 
appeared homo eneous i n  both color and texture. The IR spectra of the  
molded piece ?Figure 13 b) showed  8ome significant differences over the 
precipitated mixture. In part icular  the molding shows a band centered 
about, 1745 cm-1 that the mixture does not have, the  peak a t  1600 c m l  i s  
substant ia l ly  s t ronger  in  the molded material and the  imide band a t  720 cm2 
seen i n  the mixture i s  either nonexistent i n  the  molding or sh i f t ed   t o   t he  
region of 690 cml. The l a t t e r  i s  possible since there i s  no longer a 
pure imide r ing  if cyclization is complete. 
The  eame molding powder, Experiments 19C3-210 and 2OC3-210 oligomers 
molecularly mixed i n  BSA, wae molded next i n  a 5 X 1 in. bar mold (CH-139). 
Inadvertently, the molding cycle was not that f o r  CH-137 which had been 
the highest  density molding t o  date. The molding cycle started lawer and 
the hest ing,was leas  rapid as  shown i n  Table V I I .  T h i s  combination of 
lower initial temperature and longer time a t  temperature (slower heating rate) 
would be expected to   increase   the   ra te  of chain extension and thus chain 
s t i f fneas  faster than the riming temperature can increase flow. Although 
the higher pressure should work in the opposite direction, apparently it 
could not compeneate and the  lower density resulted along with a def in i te ly  
heterogeneous appearance in  f racture  cross  eect ions.  The molding cracked 
during procesaing but the cracks were randome and not t i c a l  shrinkage cracks. 
Several  large  pieces (up t o  1 in. x 1 4 2  in. x 1/8 in. P were squared off 
with a diamond eaw blade and t e s t e d   i n   f l e x u r e   a t  room temperature, 500°F, 
700°F, and lOOO?F. The r e s u l t s  are shown in Table VIII. The most s t r iking 
point i s  t h a t  this molding maintains strength and modulus effect ively unchanged 
ou t  t o  7000F. Furthermore, the  CH-139 did not f a i l  of i t s  own voli t ion 
even a t  1000°F although it d i d   f a i l   a t  no load. Portions of the  sample sur- 
face remained smooth and uncracked even after a 45 min. heating cycle from 
&O0F t o  1000°F. The f rac ture  eur faces  for  th i s  sample did not show any 
s ignif icant  porori ty  even a t  lOOX magnification. The rest of the surface 
showed dried mud type oracks which appeared to   reach a maximum of 1/64 in. 
below the  surface. Thus, although the sample CH-139 was of less than optimum 
on density and appearance, i t e   r e t e n t i o n  of strength and modulus t o  high 
temperrtuma was good. 
The i n i t i a l   r p t h e r i s  work datonstrated that the  oligomer route works 
i n  tormu of produein( a roluble product (albeit  in benzene sulfonic acid) 
vl th  indicat ionr  frcm fR rpctra t h a t  a significant portion of the   in te rna l  
r t ruc ture  la  cyc l lood  to  the  *ne form. Furthermore, the molding powder 
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TO-020s FREQUENCY, (CM'l) 
Figure 13 COMPARISON OF 1R SPECTRA OF MIXED PYRRONE OLIGOMERS BEFORE W A N 0  
AFTER (b) MOLDING TO 70O0E 
TABLE V I 1  
I N I T I A L  MOLDINGS FROM R E S I N  MOLEULAFUY MIXED I N  BSA 
In i t ia l  Final Max. Press. 
iaau m e r a t w e  %iWeratWQ T.. hi- 
CH-137 500- 700°F 45 min. 1000 
CII-139 4009 700°F 100 min. 2000 
% wt.Loss 
AILbuhx P 
CH-137 1 7  .A 1.37 
CH-139 18.9 1.26 
SDecimen 
disk 
bar 
Dimensions 
0.511 dia. x 0 . W ”  thick 
5” x In x 0.118” thick 
Time a t  Max. 
Press.. 
60 
60 
Barcol 
Hardnees 
9 2  
&: The anhydride capped oligomer was l9C3-210 and the  amine capped oligomer was 2OC3-2lO 
i n  both cases. The oligomers were dissolved separately i n  benzene sulfonic acid (BSA) 
mixed, prec ip i ta ted   in  water, washed with water to   neu t r a l  pH and dried before molding. 
TABLE. VI11 
Test Temperature 
7LmL 
Strength w Modulus hi 
6 ,  OOOa 
6,100 
5, 700 
Ob 
a 
bSpecimen waa thermoplastic 
Span-to-depth r a t io ,  6 f o r  0.75 in. (19.1 mm) span 
w: Al the. samples were held a t  t h e  t e s t  temperature for 15  
minutes prior to loading except the l O O O O F  sample. The 
1000°F sample was placed i n  the constant temperature 
chamber a t  600°F and was kept i n   t h e  chamber a s  it was 
heated t o  1000°F which took 45 minutes. Because of the  
S ~ O W  heating rate, further soaking to reach temperature 
did not appear necessary and it was loaded right away. 
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resulting from  the synthesis  molds to a high density material with 
good thermal stability  and  moderately  good  high  temperature flexural 
properties. T h i s  level of  worth was shown i n  spite  of a very minimal 
study of the molding  peculiarities  and critical parameters  associated 
with this new material. 
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111. PRELIMINARY m1NGs 
After  the  first  moldings  from  the  inifial  synthesis  portion  of 
the work showed  that  the  mixed  oligomers  had  enough  flow  to  mold, a 
much  more  ambitious  molding  study  began.  This  study was purposely 
made  extremely  wide  ranging in its  scope. By looking  at  as  many 
parameters as possible  from  the  synthesis,  polymer  work  up,  molding 
and  poat  handling  areas,  we  felt  that all or most  of  the  critical 
parameters  for  optimum  molding  of  the  oligomer  moldings  powder  would 
be hewn for future use in molding  process  experimental  design. 
The  synthesis  level  was  scaled  up  from  approximately 100 grams to 
500-750 grams.  These  syntheses  were  made  varying  the  synthesis 
parameters  of  monomer  mole  ratio in the  oligomer  synthesis,  heating 
time,  and  monomer  addition  time  as  shown  in  Table M. THe  large  scale 
( N l#) synthesis runs were  made  successfully  in  glass  equipment. I  
these runs, the amine capped  and  anhydride  capped  oligomers  were 
molecularly  mixed  directly  from  the  synthesis  reactors  without  inter- 
mediate  precipitation,  washing  and drying. The  mixture  of  oligomer 
solutions  was  precipitated  within 5-10 min. of the  addition of the 
w d r i d e  capped  oligomer  solution  to  the  amine  capped  oligomer  solution. 
These runs were  made  at  slightly  higher  concentrations  and  double  the 
amount  of  reactants so that  slightly  more  than  one  pound  of polperkwith 
the  indicated  stoichiometry was the  theoretical  result.  The  majority 
of  the  water  of  hydration  was  removed.from  the BSA by  vacuum  distillation 
(10-30 mm Hg and  temperature  not  higher  than 120°C so, little o r  no 
degradation  of BSA occurs)  prior  to  solution  of  the  monomers.  The  solution 
of  monomers  was  done  at  temperatures  between 10O-15O0C, the  reaction  was 
started  when  both  monomer  solutions  were  at 200OC and  addition  took  about 
20-25 min.  The  amine-capped  oligomer was made  first  since  it  is  less 
susceptible  to  branching.  The  equipment was rinsed  out  with BSA and the 
anhydride  synthesis  started  immediately.  The  hot (200OC) anhydride 
oligomerosolution  was  poured  into  the  amine  oligomer  solution  (tempera- 
ture 100 C) with  vigorous  stirring  which  was  continued  for  about 5 min es 
the  addition  was  complete.  The  mixed  solutions  were  then  siphoned  through 
Teflon  tubing  into  about  three  times  their  volume of roo  temperature 
distilled  water.  The  water was stirred  very  vigorously  with  an  air  motor 
and  stainless  stebl  propeller.  The  yellow  suspension  was  allowed  to  settle 
and  most  of  the  light  yellow  liquid  decanted  off in preparation  for  further 
washing.  Polymer.  recovery was generally  better  than 70 percent  of 
theoretical  with  this  synthesis  technique. 
During  the  initial  molding  work  with  powders  molecularly  mixed in 
BSA m e  moldings  were  made in which  unexpectedly  large  flow  was  observed. 
A mold  loaded  with  enough  powder  to  give a 130 mil  thick  piece gave 
dnatead a 10 m i l  thick sample and  large  amounts  of  flash.  Since  the BSA 
is not a volatile  eolvent  and  must  be  extracted  from  the  molding  powder 
it was ruspected a8 a plastiolsor.  Several  moldings  were  made  therefore 
of different sulfur h3Vd6 to look  at  the  removal  requirements  of  the BSA. 
The varioum rulfur levelm were obtained by washing  the  mixed  oligomer 
powders to various pH leV018. hta on the  molding  characteristics  of 
these Mteid8 m e  given in 'Table X. 
29 
TABLE M 
VARIATION IN SmHEsIS PARAMETERS FCR PRELIMINARY MOLDING STUDIES 
bd! 
47,78-114 
478-116 
478-118 
W 478-120 
0 
478-122 
478-135 
Mole 
R a t i o  
2:l 
2 :1 
2.2:1 
2 :1 
2:l 
2.2:l 
2:l 
2 :1 
2.25 :1 
2.25 :1 
2 :1 
2.2:l 
Conc 
0.25M/O.  3M 
0.25M/O.  3M 
0.25M/O.  3M 
0.25M/O.  3M 
0.25M/O.  3M 
0.25M/0.3M 
0.25M/0.3M 
0.25M/O.  3M 
0.25M/O.  3M 
0.25M/O.  3M 
0.234 
0.294 
Synthesis 
TemD, 
200% 
20oOc 
20oOc 
20oOc 
200oc 
200oc 
20oOc 
20oOc 
20oOc 
20oOc 
200oc 
200% 
Time  in  Time f o r  
Pot  Addition 
1 hr. 40 min. 
1 hr. 20 min. 
1 hr. 10 min. 
1 hr. 15 min. 
45 min. 20  min. 
45 min.  20  min. 
30  min.  25  min. 
25  min.  20  min. 
25  min. 20 min. 
25 min. 20  min. 
5 min. 
6 min. 
wt. of 
Both 
225.0 GS. 
257.0 gms. 
237.9 Q ~ S .  
257.0 gms. 
225.0 gms. 
277.2 gms 
225 gms. 
257 gms. 
241.1 gms. 
281.2 gms. 
450 Q ~ S .  
553 gms. 
Molecular 
M u n g  
10 min. 
15 min. 
15 min. 
15 min. 
15 min. 
30  min. 
Color of 
Product 
light 
yellow 
light 
yellow 
light 
yellow 
light 
yellow 
light 
yellow 
red- 
brown 
TABLE X 
DYECT .OF RESIDUAL SmUR CONTENT ON N O D I N G  BMAVICR OF MOLECULARLY MIXED PYRRONE OLIGOMFX 
kldimz Conditions 
Eblding Reddual Initial Final Press Time wt.LQss Specific 
Mrmber Sulfur Temp. E;& Psi f i n .   i n  Molding Gravity Remarks , Percent OF(OK) Percent 
1022-1 0 50(533) 700(644) 1,000 30  13.6  0.94 Very l i t t l e  flow 
5 9  000 
1022-2 0 Q O ( 6 l l )  750(672) 8,000 30 11.3 1.11 Preform made a t  room 
temperature, 30,000 psi ,  
5 min. 
CH-13 0.5 400(477)  700(644) 1,000 60 18.9  1.26 Satisfactory molding; used 
f o r  flexural tests 
1022~3' 1.3  500(5 3) 700(672) 5,000 30  10.7 1. 302 Low t o  moderate  flow; 
sample wedge shaped 
CH-146 5.5 500 (533) 700 (672) 1,000 - "" "" kcerrs  flow 
1,000- 
CH-147 5.5 500(533) 700(672)  8,0003135 "" Self induced pressure 
increase 
&&g: All moldings except 1022-3 made from mixed 478-70 and 478-71 oligomer which had been cyclized under 
vacuum for three t o  six hours a t  L+lOoF (483OK) 
'Made from resin 478-1l4 which was made and mixed i n  BSA solution 
k l d i n g  heterogeneous i n  color; specific gravity of thicker dark portion 1.38 
3 ~ s t  of pressure rise self  induced 
CH-139 had 0.52 percent sulfur while the repeat mixture from 
bperiment 19 and 20 was extracted  ini t ia l ly   with benzene and then 
only for a short  time with water. The result (CH-146) was massive 
flow tha t  ended with almost no polymer i n  the  mold. A repeat molding 
(CH-147) with longer times a t   t h e  lower temperatures, lower pressures 
t o   s t a r t  and more breathing also gave substant ia l  flow but was much 
more contained although there was a large self-induced pressure build- 
up  by the  vola t i les  t ry ing  t o  escape. The  powder  was then extracted 
with water f o r  8 more days a t  which point no sulfur could be detected. 
Moldings 1022-1 and 1022-2 were then made with t h i s  completely extracted 
resin.  No f low was observed and very l i t t l e   f l a s h  and the moldings 
had velglow densit ies.  The l a s t  d a t a  &e from res in  made and mixed i n  
BSA (without precipitation of oligomers) and washed t o &  1.3 percent 
sulfur. Although the piece was heterogeneous and wedge shaped, the 
overall  density was high (1.30) and the density of the thicker blackish- 
brown portion was the highest yet (1.38). T ~ E  implication from these 
r e su l t s  i s  tha t   t he  BSA maybe act ing  as  a fugi t ive  plast ic izer   during 
molding and tha t  it either reacts eventually or degrades and goes off 
a s  a gas (benzene and SO,). It was speculated a t .  this t ime that the 
modulus retention at  high temperatures may be due t o  sulfone crosslinks 
from the BSA. Later  data  in  which even higher moduli were obtained 
with molding powder that was sulfur  f ree  indicated that  such crosslinking 
was not a major factor  even if it occurred. However, it was evident 
t ha t   t he  low pH, high sulfur content powder flowed more readily during 
molding than did the high pH, low sulfur content powder. 
The ef fec t  of overall  stoichiometry for resin washed t o  a low pH 
i s  shown i n  Table X I .  All of the samples were preformed and then post- 
cured i.e, fabricated without press molding. There i s  very l i t t l e  
d i f fe rence   in   the  final specif ic  gravi ty  which is  the noraml range f o r  
samples postcured t o  85OoF and r e f l ec t s  tb similar narrow range of 
spec i f i c  g rav i t i e s  a t  t he  preform stage. The rda t ive ly  cons t an t  
modulus values a t  both 500 and 900°F . indicates  that  there  is l i t f l e  
difference in the degree of cyclization in the cured moldings regardless 
of stoichiometry from excess anhydride through the balance point t o  the 
excess amine s ide even a t  9000F. By contrast the strength values indicate 
that off-stoichiometry i n  e i ther   direct ion is better than the balanced 
ra t io .  h e  can speculate that the chain extension process is hampered 
by the lack of high temperature curing under pressure and t h i s  i s  supported 
by the  low 8tr8ngth values a t  500°F shown by a l l  the samples. If t h i s  be 
true then the off-stoichiometry samples which should have more branching 
and more tendency to   c ross  link could exhibit higher strength due t o  
increased chain entanglement and/or crosslinking. The cross l inking 
reaction would r e e u l t   i n  a strength mechanism that i s  less temperature 
dependent and therefore should show increased propert ies  a t  9000F, a s  
i s  indeed the  ca8e. In fact ,  the  s t rength values  a t  900?F, fo r  t he  o f f  
stoichiometry resins are among the highest ten values observed throughout 
the  program. 
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TABLE X I  
EFFECT OF RESIN STOICHIOMETRY ON HIGH TEMPERATURE FLMURAL PROPERTIES 
Monomer Preforming 
Ratios  Conditions Post- 
W #  Resin pH Oligomer Overall Temp. Press  cure  Specific S t r w t h  
&e Capped Anhydr.to Temp Gravity 5009 9 0 0 9  500°F 9OO0F 
dnhyar . Capped Amine OF Psi  pei psi 'X psi x 
10-6 10-6 
2:l 
1022-31 4 7 8 - l U  1.5 1:2 1 :1 3000F 60 850 1.23 3700  2550  0.39  .25 
2 :l 
1022-38  478-lUJ 1.5 1:2 1 :1 35O0F 60 850 1.25 3660  2300 0.50 0.26 
2.2:1 
1022-28-1 478-ll.6A 1 5 1:2 1:1.07 300 60 850 1.22 43'70 4050 0.35 0.25 
2:l 
1022-24-A 478-ll8A 1 5 1:2.2 1.07:l 300 60 850 1.23 5190 6560  0.3  0.31 
The  washing  procedure  used  to  remove  the BSA solvent  requires  that 
the  resin  be  extracted  with  large  quantities of water.  Although  the  amine 
monomer is only  slightly  soluble in cold  water  enough  of  the  unreacted 
amine  monomer  could be extracted  to  upset  the  overall  stoichiometry  in- 
tended  for  the run. To  investigate  whether  the  stoichiometry is inadvertent- 
ly being  changed  this way, a small portion  of  resin 478-138 .(Experiments 
51 and 52) was  molecularly  mixed in two  separate  ways in an attempt  to 
determine  the  best  ratio  of  the  oligomers  for  molecular mixing. In  the 
first,  equal  moles  (equal  volumes  since  concentrations in each  oligomer 
synthesis  were  the  aame)  of  anhydride  capped  oligomer  and  amine  capped 
oligomer  were beaked eeparately  to 17OoC and  poured  together  with  very 
vigorous  stirring.  The  viscosity  of  this  mixture  was  then  read  with  
Brookfield  viscometer.  The  second  method  involved  heating m e a d  moles 
separately  to 17OoC, then  mixing  with  vigorous  stirring  and  reading  the 
viscosity.  This  mixture  was  then  brougkrtstep  by  step  through  the 1:l
stoichiometry  point in small increments  with  the  viscosity  read  after 
each  addition.  The  viscosity  of  the  mixture  from  the  first  method  was 
identical  to  that  obtained  at  the 1:l stoichionetry  point  by  the  second 
method. Two peaks in the  viscosity-stoichiometry  curve  at  the  high 
anhydride  imply  the  existence  of  more  than,.one  reaction  occurring  and 
may be  tied in with  branching  and  cross-linking.  Materials  from  each 
of  these mixtureswereprecipitated and  washed  to a pH  of 3-3.5 and  dried. 
Two  moldings  were  made  from  resin  solutdon  tikrated  slowly  to  the 
1:l overall  stoichiometry  and  two  from  resin  from  the  standard  method 
of  pouring  the  anhydride  capped  oligomer  solution  as  rapidly  as  possible 
into  tQe  amine  capped  oligomer  solution.  Both  solutions  were  heated 
at 170 C before  precipitating  in  water  and  washing  to a pH  f ru 4.5. 
The  flexural  test  results  of  the  moldings  (Table X I 1 ) -  show  no  significant 
difference  between  the  molecular  mixing  procedures.  The  titrated  mixing 
mode  shows  higher  strength  and  modulus  at  the  lower  temperatures  but 
only  the  strength  difference  at 700°F is large  enough  to  be  significant. 
The  overall  molding  specific  gravities  are  very  low  which  can  account 
for  the  generally  low  values  and  may  have  prevented a correlation  from 
being  seen.  The  strength  values  in  the  data  which  appear  high  relative 
to ;the  rest  of  the  set  were  checked  carefully  and  are  most lik ly a result 
of  the  test  pieces  having  fewer  flaws  or  noncritical  flaws. 
The  effect  of  the  more  conventional  molding  parameters  such  as 
pressure  during  molding  and  molding  temperature  are  shown in Tables XI11 
and X I V  respectively.  Pressure  changes  from 5,000 to 30,000 psi  do  not 
appear  to  show any significant  difference  in  flexural  properties  but 
%he specific  gravity  difference  is  probably  significant.  Attempts  at 
correlating  large  quantities  of  data  especially in the  pressure  range 
oflDUi%10,000  gave  negative  results.  The data.shown  in Table X N  are  the 
average  of  three  to  nineteen  mechanical  test  values  taken  regardless  of 
other mrmebp variations.  Such  correlations  as  might be seen  should 
be used with  caution  and  were  used  only in defining  parameters  for  the 
molding process experimental  design.  The 800 and 820°F data  had  the 
smallest  population and are  therefore  the  most  subject  to  error  or  to 
be  bothered by artifact.  The  general  trend  to  the  data  is  that  higher 
mold- temperatures tend to increase  higher  temperature  strength  and 
modulus . 
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TABLE X I 1  
500' 
700' 
800' 
900' 
10000 
ProPertp 
sb 6 E X 10- 
5500 
0.41 
7100 
0.51 
Sb 6000 10,900 
E x 0.39 0 -45 
Sb 6700 8000 
E x 0.21 0.30 
sb 6 5200 3600 E X 10" 0.23 0.21 
Sb 2100 1750 
E x 0.10 0.11 
Molding Specific  Grav ty 1.18 1.23 
478-139-170BM Standard  single  addition  molecular midng 
478-139-170Bl' Titrated  multiple  addition  molecular mixing 
35 
T u r n  X I 1 1  
JFFZCT OF MOLDING PHESSaRE ON FLEXURAL PROPERTIES 
Molding P r o s t i e s  
Sample # Pressure Specific Strength Modulus6 T e s t  gemp. 
P s i  Gravity P s i  p s i -  x 10- OF. ( K) 
1028-1258 30,000 1-39 10,700 0.568 500 (533) 
3 300 0.17   90  (755) 
&&Q: Both moldings were made f m  1039-27 resin washed t o  pH 5.0, molded a t  
7500F f o r  60 minutes, and cooled t o  500°F under pressure. Two plies  of 
bleeder cloth were used above and below the molding powder during the cure 
cycle. 
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TABLE XIV  
EFFECT CF mLDING TEMPElRATURE ON F'LEXuRAt PROPERTIES 
L est Temp. 
700 0.86  0.48 0.29 0.19 0.15 0.08 
750 0.82 0.44 0.31 0.28 0.25 0.14 
800 0.41 0.38 0.26 0.27 0.11 
8 20 0.52 0.45 0.31 0.21 0.12 
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One of the standard molding techniques for condensation resins i s  
that of low-temperature preforming under vacuum.  The preforming of the  
powder reduces the handling problems (sueh a s  spreading the powder i n  
a hot die). The  vacuum tends  to  remwe the volat i le  mater ia l  as  it is  
formed thereby driving the condensation reaction toward completion. 
Volati le removal i s  f ac i l i t a t ed   fu r the r  by placing one or more layers  of 
g lass   f iber   c lo th  above and belov the powder to  serve as  an esoape path. 
Preforms were mgde both with and without vacuum by applying a 20,000 p s i  
pressure a t  350 F f o r  30  min.  The weight loss fo r  t he  vacuum preforms 
(6.9 percent) was more than twice that for the nonvacuum preforms 
(3.0 percent). Unexpectedly, however, the pH 4.5 powder lost nearly 
twice the weight of the pH 1.5 powder f o r  a given preform condition 
(vacuum or nonvacuum) . 
The flexural properties obtained from moldings of the pH 4.5 
and pH 1.5 powder did not show as   d i s t i nc t  a difference between the  
vacuum bag and nonvacuum bag preforming as   did  the weight loss data. 
The f lexural  test data are arranged i n  Table XV t o  emphasize the effect  
of the vauuum bag preforming and res in  pH on the  f lexural  properties.  
There i s  a consistent sharp drop in   s t rength  between 700 and 800° f o r  
a l l  samples regardless of preform conditions or res in  pH. A similar 
break i n  modulus values i s  a l s o  shown by the  nonvacuum bag preformed 
moldings while the vacuum bag preformed moldings show a much more 
gradual decline with increasing temperature. zn fact the pH 1.5 
material shows no break i n  modulus out t o  1000 F though te pH 4.5 
material  just  appears to postpone the drop t o   t h e  800-900 F region. 
Neither strength nor modulus levels   are   consis tent ly   higher   for  vacuum 
bag preforming a t  pH ranges. The consistently  higher  strength 
leve ls  f o r  nonvacuum preforming a t   t h e  low pH l eve l  and f o r   t h e  vacuum 
bag preforming a t   t h e  high pH leve l  may indicate a s ignif icant   interact ion 
between the parameters. 
Infrared spectra (Fig. 14) and DSC data on Cp (Fig. 15)  were obtained 
f o r  a l l   f o u r  specimens 1022-73 through 1022-78, samples which compared 
the use of vacuum  bag preforming with nonvacuum bag preforming. 1022-78 
(vacuum bag preform, pH 4.5) has a spectra that i s  substant ia l ly  different  
from i ts  nonvacuum pH 4.5 molding. The imide and imidazole bands a re  more 
pronounced indicating more complkte cyclization and the spectral  bands 
a re  more diffuse which frequently indicates higher molecular weight. The 
pH 1.5 pair ,  1022-73 and 1022-76, show the same trend on diffuseness but 
not on cyclization. The Cp data as a function of temperature, Figure 15, 
a l so  show a significant difference between the vacuum bag and nonvacuum 
bag moldings. Both nonvacuum  bag samples 1022-73 and 1022-77 indicate  a 
reaction occurring in the 600 t o  700°F region. On the other hand, for 
the  two samples that appear to be the most fully cyclized according to 
IR spectra (1022-78 and 1022-73), the Cp continues t o  rise a t  900°F. 
The leas cyclized pair, 1022-77 and 1022-76, have a Cp curve that dips 
(cur ls  down) i n   t h e  800 t o  9OO0F region, possibly presaging an oxidation 
reaction. 
38 
TABLE XV 
EZ'FCT @' VETJUM BAG €"aRMING ON HIGH TEMPWATURi3 FLEXURAL PROPERTIES 
Modulus 
Strength  Strength 
psi  x 10-3 psi x 10-6 Specific 
& R A  700 900 JOOOOF m. 500 700  8 900 JOOOOF MDldim Molding Resin Preform Oravity of 
1022-73 1.5 non-vacuum 17.0  12.4 11.1 3.9  3.4 2.6 0.99  0.50  0.31  0. 8 0.W 0.057 1.38 
W 
(0 
1022-78 4.5 vacuum 13.1 16.6  12.  5.7  3.3 1.4 0.98  0.59  0.22  0.17  0.07  0.02 1.32 
1022-77  4.5 nowvacuum 10.1 6.0  11.2 2.3 2.1 0.8  0.61  0.45  0 23  0. 6 0.05 0.03 1.22 
- Note: All samples  were made from resin 478-126, preformed for 30 minutes a t  350- under 20,000 psi  
and then molded for  60 minutes a t  700°F under 5080- psi. 
MOL'DING NUMBER 
I 1021-76 
I 
I 
-r 1022-73 
9 1022-78 
d 
A 
2000 1900 1800 li 
ro-omsA 
ll 1022-77 
- 
100 ' 1600  1500  1 0 1300 
FREQUENCY, (CM'l) 
1000 1100 900 800 
Figure 14 EFFECT OF RESIN pH AND USE OF VACUUM IN PREFORMING ON IR SPECTRA OF 
WRRONE MOLDINGS 
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Figure 15 EFFECT OF RESIN pH AND USE OF VACUUM I N  PREFORMING ON SPECIFIC HEAT OF 
PYRRONE MOLDINGS 
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Structural  uses for high  temperature  resins  are  seldom  restricted 
to short  exposure  time  to  the  high  temperatures.  Furthermore,  the 
majority  of  uses  require  ability to withstand  oxidizing  environments 
(generally  air).  Thus  when  the  high  temperature  strength  properties 
showed  exceptionally  high  values,  high  temperature  aging  tests in air 
were  started  on a variety  of  moldings.  The  tests  were  made  at 6 0 0 9  
in circulating  air  with  exposure  times  as  long  as 1000 hours.  The 
complete  data  for  seven  early  samples  are  shown  in  Figure 16. 125-6 
is  LRC  moldlng  powder  molded  at  LRC; 0152 is Avco  molding  powder  molded 
at LRC and  the  rest  are  Avco  molding  powder  (various)  molded  at  Avco 
under  various  conditions. For comparison  two  molded  polyimide  pieces 
(labeled  Commercial 1 and 2) were  also  aged  under  the sam conditions. 
The  dotted  line  portions  are  estimated  data  for  weekends  when  daily 
weighing3  were  not  made.  Weight loss of  the *one samples  at 150 and 
200 hours is listed in TEble XVI  in order  of  increasing  weight loss of 
all  pyrrone  samples  that  have  been  aged.  The  only  apparent  correlation 
between  the  weight loss do.ta  and  molding  parameters  (also  listed  in 
Table  XVI)  is  with  the  absence or  presence  of  bleeder  cloth.  Note  that 6 
out  of  the  bottom 7 were  molded  without  bleeder  cloth.  The  chances at? 
picking  the  order  of  the  first 7 a  random  from  seven 110's and 7 yeses 
is  about 1 in 500. 
Both  moldings 1022-77 and 1022-78 were  made  from  high  pH  material 
with -78 vacuum  bag  preformed  and -77 not.  The  very  low  oxidation  rate 
compared  to  the  conventional  route  pyrrone (125-6) may  be  an  indication 
that  the  oligomer  route  more  nearly  approaches  the  pure  pyrrone  structure 
and  thus  would  indicate  more  nearly  the  potential  of th s structure. 
The  four  moldings  that  were  made  to look at  the  effect  of  molecular 
mixing mode  were  also  tested  for  oxidation  resistance.  After 168 hours  at 
6000F, the  titrated  samples  had  lost  more  than  twice  as  much  weight 
(23 percent)  as  the  rapid mix samples (10 percent).  However,  neither 
weight loss value  was  especially  low. A later  investigation  indicated 
that  the  oligomer  mixing  temperature  (17OoC)  may  have  been  the  reason  for 
the  high  weight loss of  the  samples. The last  set  of  aging  data  was  done 
on  samples  cut  from  an 8-1/2 in. x 2-l/4 in.  plate (1028490). These  samples 
had  about  one-sixth  the mass of  the  samples  which  are  listed  in  Table  XVI. 
The  average  weight loss of  eighteen  samples at 600%' in  air  was: 5 percent 
after 250 hours, 11 percent  after 500 hours, 19 percent  after 750 hours, 
and 34 percent  after 1,000 hours. These  weight loss values  are  comparable 
to  the  lowest  values  plotted in Figure 16. 
Weight l o s s  from  aging  at  high  temperatures is used  only  as an 
indication  of  the  mechanical  strength  retention  a8ter  such  aging.  Flexural 
strength  data  were  obtained  from  the  aged  portion  of 1022-78. Table  XVII 
shows  the  flexural  properties.of  the  core  material  before  and  after  the 
aging  at 6000F in air.  "as  cured"  sample  had  the  surface  removed  to 
eliminate  the  roughness  from  the  bleeder  cloth  while  the  aged  portion  was 
cleaned  to  eliminate  effects  of  the  mud  crack  surface (1022-78 had a very 
thin  degraded  surface  about 10 mils deep  that'  had  the  appearance  of  very 
fine  mud  cracks). Six samples  were  machined  from  core  material  to  get  proper 
apan to  depth  ratio  and  two  were  left fu l thickness  to  test  the  debilitating 
effect  of  the  surface. 
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Flgurr 16 WEIGHT LOSS FROM AGING AT 600°F IN AIR 
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TABLE XVI 
EFFECT OF MOLDING PARBMFPERS ON WEIGHT LOSS IN AGEING 
AT 6000F IN AIR 
Yes or No 
Bleeder 
-?%uuz i a l u i a u  
Cloth % I&. Loss 
specific 
Gravity 
!2umiuz 
Holding 
F 
700 
725 
700 
735 
750 
715 
720 
T p P .  -le 
No. 
1022-78 
Reein 
DtI 
Yes or NO Yes or No % W t .  Loss % ut. Loss 
fief- Vac. lgg @ 200 hrs, @ 150 hrs, 
4.5 1.30 
1.16 4.5 Yes no 4.4 3.4 
Yes no 9.7 7.9 
Yes Yes 14.8 10.3' 
no no 17.1 12.7 
1.29 
1022-76 1.5 1.21 
rp 1022-69 
VI 
1022-82 
4.5 1.21 no 
3.5 Yes no 19.9 14.9 
Yes  Yes 23.5 17.7 
no no 25.2 18.4 
no no 28.8 20.3 
no no 34.8 25 
no no 43.3 30.7 
Yes rro 43.9  31.8 
no no 54.1 42.6 
no no 54.3 44.2 
1.27 
1022-79 1.28 
0.152 no 
0 153 
1022-68 
no 
no 26 1.5 750 1.30 
1.31 
0163 no 
Yes 13 1022-80 3.5 715 
125-5 
125-6 
no 
no 
TABLE XVII 
Molding 1022-78 
STRENGTH RETEN!CION AFTER 
&OOO HOURS @ 600°F IN AIR 
TEST 
- TEMP.
Room . 
Temp. 
5OO0F 
700°F 
800°F 
9OO0F 
1000°F 
- 
FULL THICK. 
- 
FULL THICK 
14,500 psi 0.98 X 10 6 psi 0.9ilO psi 13,100 psi 
18,500 14,500 0.73 0.57  1.71x10 psi 
6 
6 
5,500 psi 
12,600 15 900 0.22  0.49 
5 9 700 10 , 100 0.17  0.40 
3,300 3,720  4,200 0.066 0.16 0.63 
1,360 1,580 0.020 0.050 
&&g: Al samples  except those under heading " N l  Thick." were core 
material with all surfaces ground to sound material 
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There appears t o  be no significant ch e in  s t rength  from the 
aging  but  the  higher  temperature moduli (600 % have a l l  increased. 
This i s  most likely an indication that significant postcuring had 
taken place and confirmed the  decision  to  include  postcuring  in  the 
experimental design. The  two  low span-to-depth r a t i o  specimens were 
those l e f t  ful l  thickness t o  test the effgct of the cracked skin on 
flexural properties. The strength a t  500 F i s  low but the strength a t  
9OO0F and the moduli a t  both temperatures are quite high. These data 
were checked and rechecked. Certainly a conservative comment  would be 
that   the  1,000 hours of aging did not reduce the flexural properties 
significantly. One must question the substantial  difference in modulus 
between the thin and thick-samples a t  t h e  same temperature. Possibly 
the  thick samples a re   no t   a t  thermal equilibrium when tes ted  but3he 
embedded thermocouple time tests done a t   t h e  beginning of our tes t ing 
do not support this and the softer (lower modulus) surface should tend 
to decrease apparent modulus and increase strength (flaws less critical). 
If the specific gravity were not constant but instead varied with position 
i n  a thickness direction so tha t  it i s  a maximum  on the surface and minimum 
at  the center  (neutral  ax is ) ,  then strength and modulus would change i n  
. the directions observed. However, the amount of change i s  unexpectedly 
large. 
In   spi te  of the large number of moldings made during this pre- 
liminary molding phase of the program relat ively l i t t l e  data were 
obtained that could be used t o  define molding or resin reproducibility. 
Table XVIII l ists  seven moldings a l l  made from anhydride rich  resin.  
The resin came from two batches and the  res in  from the first batch 
was extracted t o  two different pH (sulfur) levels. Both the physical 
properties and the flexural properties show a wide range of values from 
w h a t  should be identical  or very similar moldings. Specific gravities 
range from 1.13 t o  1.33 f o r  one pH level  and from 1.12 t o  1.31 f o r  the 
other pH level. The mechanical properties vary just as  much and range 
from very poor to excellent within the same sample. A t  l e a s t  a s  c r i t i c a l  
f r o m  the standpoint of application i s  that   the  moldings also varied 
considerably i n  toughness. Moldings  1022-15,  1022-20,  and  1022-80 showed 
good elongation and high strength but molding1022-87 was very f r ag i l e  and 
b r i t t l e .  
Besides the imediate  effect  of obtaining an individual correlation 
between a molding or synthesis parameter and a physical, mechanical, or 
thermal property a l l  of these studies were aimed a t  separating the important 
molding and sy-hthesis parameters f r o m  the unimportant ones in   order   that  a 
well designed experiment could be defined t o  study the molding process as 
a whole. 
Based on the data from the first seventeen moldings made, a tentat ive 
design of a 2$? f ract ional  fact ional  was picked. T h i s  design allowed 
each main f a c   o r   t o  be evaluated independently of any other main factor  
but the main factors would be confounded with two factor  interactions. 
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TABLE X V I I I  . 
EFFECT OF MOLDING TO MULDING AND RESIN BATCH VARIATIONS ON F'LEXW PROPERTIES 
Molding Molding Preform Preform Ultimate Modulus 
# R& Tgmp. Press. Temp. Press. Stress E X Test Temp. 
F OF - QiA - w €!si Esi OF 
1022-50  478-1181  750 5 000 
1022-20  478-ll8A  700 10,000 300 
I&. 
03 
1022-87  478-1361  750 5,000 350 
1022-80  478-118C 7 5 5,000 350 
17,500 0.54 500 
6,510 0.21 p00 
2, QO 0.32  800
7,000 0.37 900 
30  13,700 0.44 500 
5,160 0.21 800 
6,010 0.21 900 
18 "- -" 500 
11,200  1.69  700 
"e - 800 
394  0.88  900 
20  14,900 0.58 500 
5,600 0.43  700 
7,400 0.36  800 
6,400 0.35  900 
9,900  0.32  700 
1022-51 , 478-118C  700  10,000 300 30 4,600 0.40 500 
1,600 0.04 700 
500 0.01 800 
LOO 0.01 900 
Specific 
!&Y&L 
1.33 
1.27 
1.13 
1.19 
1.31 
1.12 
1.26 
Note: The suffix on the  resin number indicates resin washed t o  pH of 1.5 while C suffix 
indicates  resin washed t o  pH 4.5 
Also two  factor  interactions  would  be  confounded  with  other  two  factor 
interactions.  Other  desfgns  and  various  levels  of  the  independent 
variables  were  considered  but it was  felt  that  the initial design  should 
be  uncomplicated  and  brief. This would  provide an efficient genenil 
mapping of the  region  of  interest  and  sound  basis  for  detailed  study 
of  critical  areas.  However,  the  initial  design was abandoned  when  the 
change  to BSA as  solvent  and  further  molding at even  her  temperatures 
indicated  that a wider  range  of  variables  than  the  259design  would  allow 
would  probably be necessary. As an example,  the  vast  changes in flow 
observed  when  the ELSA solvent was extracted  to several different  pH  levels 
indicated  that  resin  pH  should  probably  be  included in the  design.  Thus 
the  switch  to MA as solvent  forced a reexamination  of  the  basis,  factors 
and  levels  of  the  design.  Preliminary  correlations  between  molding 
parameters  and th physical  and  mechanical  properties  were  obtained  from 
35-40 moldings  made.by  many  different  processes.  These  correlations 
indicated  which  factors  were  necessary  to  define  preforming  and  postcuring 
operations as well  as  synthesis  and  molding  variables.  In  addition  the 
range  of  the  final  molding  temperature  and  pressure  were  expanded.  The 
molding  temperature  should  have  probably  included  three  levels;  but  since 
that  would  complicate  the  design  enormously,  the  temperature  levels  were 
broadened  but  left  at  Bwo  levels (700 and 8000F). The  pressure  level  was 
also  expanded  to 1000 psi.and 10,000 psi.  Thus,  the  second  stage 
experimental  design  factors  considered  critical  with  anticipated  operating 
levels  are  listed in Table XM. 
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TABLE XIX 
C R I T I C A L  VARIABLES FOR MOLDING PROCESS STUDY-EXPERIMENTAL  BESIGN 
A. 
B. 
C. 
D. 
E. 
F. 
G. 
H. 
I. 
J. 
Overall  Resin  Stoichiometry 
(anhydride  to  amine  ratio) 
pH of washed  molding  powder 
Preforming  temperature 
Preforming  pressure 
Initial  temperature  of 
preheated  mold 
Time  at  initial  temperature 
Pressure at initial  temperature 
Final  molding  temperature 
Final  molding  pressure 
Post-cure  temperature,  maximum 
1 . 0 4 ~ ~  
1.5 
15OoF 
20,000 psi 
30'F 
0 minutes 
100 psi 
7OO0F 
1,000 psi 
700°F 
1 :1 
4.5 
350°F 
60,000 psi 
500°F 
60 minutes 
10,000 psi 
800°F 
10,000 psi 
850°F 
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IV.  MOLDING PROCESS EEERIMENTAL DESIGN 
The avowed purpose of research work i e  to obtain information and 
the  more information an experimenter can get per unit labor hour or per 
unit do l l a r  t he  more ef f ic ien t  he  is. S t a t i s t i c a l l y  designed experiments 
a re  one means avai lable  to  increase research eff ic iency.  The increased 
eff ic iency der ives  from one or more of the following advantages of a 
s t a t i s t i c a l l y  designed program. 
Many var iab les  may be studied a t  one time making it possible  to  
gain an insight  into their  s imultaneous effect  on responses of interest. 
In te rac t ions  between var iables  can be determined. This i s  impossible 
if the  more usual one-variable-at-a-time procedure i s  used where, i n  t u rn ,  
each variable i s  changed with a l l   r a i n i n g   v a r i a b l e s  being held constant. 
Useful d i rec t ions  of experimentation are often indicated which can 
be explored. 
The experimenter can proceed sequentially, constantly adapting his 
experimentation i n   t h e   l i g h t  of the most current information, including 
t h a t  which he himself has just  col lected.  For t h i s  purpose f rac t iona l  
factorial  designs act  as flexible building blocks ahd have, i n  f a c t ,  
been successfully employed a t   a l l   s t a g e s  of experimentation from s t a r t  
to  f in i sh .  In  par t icu lar ,  fac tor ia l  des igns  and f r ac t iona l  f ac to r i a l  
deeigng are useful even a t   t h e   o u t s e t  of an invest igat ion when very l i t t l e  
may be known about the  system.  Designed experimental programs a re  e f f i c i en t  
when the purpose i s  to screen variables - t s l e c t  o u t  of a large number 
of var iables  those that  are  most important. f 3 9 f 4  Because of the careful  
balance and special  patterning built  into statist ically designed experiments,  
in te rpre ta t ion  of  the  resu l t s  i s  often easy. 
A f rac t iona l  fac tor ia l  des ign  was picked f o r   t h i s  work based primarily 
on i$g2rlegree of f l ex ib i l i t y  a s  we l l  a s  i t s  easy manipulation and analysis.  
A 2,111 f rac t iona l  fac tor ia l  des ign  was picked a t  first and then discarded as 
inadequate as explained i n  the previous section. "he design required t o  
inves t iga te  the  s ign i f icant  var iab les  was a subs t an t i a l ly  l a rge r  f ac to r i a l  
design of 29 or 512 runs. This was obviously much too large to handle. 
Alternat ives  were to  e l iminate  some of t he  l i s t ed  va r i ab le s  and/or t o  do a small 
enough f rac t iona l  fac tor ia l  des ign  tha t  the  number of runs would be within 
reason. The l a t t e r  method ( f rac t iona l  rep l ica)  i s  su re  to  confound some e f f e c t s  
of  interest ,  s ince there  are  nine main e f f ec t s  and 36 two-factor interactions. 
On t h i s  b a s i s ,  a t  l e a s t ,  a 1/8th replica would be necessary (64 runs) t o  g e t  t h e  
main e f fec ts ,  and a l l  of the two-factor interactions unconfounded. Even t h i s  
l e v e l  of e f f o r t  appeared marginal. "he maximum size design which appeared 
pract icable  was a 32-run d sign, which would limit the design to  a 25 f a c t o r i a l  
i n  complete designs or a 2f--2 f rac t iona l  des ign  tha t  would permit unconfounded 
values  for  a l l  seven main e f f e c t s  and 21 two-factor interactions. It was 
considered imperative that the final decision on which parameters were t o  be 
varied and the l e v e l s  of these parameters be made a s  a consequence of mechanical 
t e s t  d a t a  and not  just  phyeical  data  such as  spec i f ic  grav i ty .  It was con- 
sidered partfoularly important because some of the best  mechanical da ta  
obtained a t   t h a t  time were gotten on low densi ty  (1.19) moldings. 
51 
Since  the  design  size  had  begn set,& thirtyeto moldingp, 
fractional  factorial  designs of 21i3, 2 1 ~  and 2 v were  studied in 
some  detail.  The  designation  used  indicates  that  the  factorial  designs 
are 2 level designs  with 32 (25) experiments. The fibst  number  of  the 
superscript  gives  the  number  of  independent  variables  to  be  studied  and 
the  second  number  indicates  the  fraction  of  the ull factorial  while  the 
roman  subscript  indicates  the amomt and  type  of  confounding  to  be  expected 
in  the  analysis.  Designs  of  resolution I11 have  no  main  effect  confounded 
with  any  other  main  effect,  but  main  effects  are  confounded  with  two-factor 
interactions  and  two  factor  interactions  are  confounded  with  one  another. 
Reeolution IV designs  require  that  no  main  effect  be  confounded  with  any 
other  main  effect  nor  with  any  two-factor  interaction  but  two  factor 
interactions  are  confounded  with  one  another.  Resolution V designs  require 
that  no  main  effect  or  two-factor  interaction  be  confounded  with  any  other 
main  effect  or  two  factor  interaction  but  two-factor  interactions  are  con- 
founded  with  three-factor  interactions. 
NOW  it  is  possible  if  one  expects  no  interactions  to  study a l l  
,?eventeen  parameters  in 32 experiments.  However,  since  several  of 
the  parameters  affect  flow  and/or  volatiles  (type  and  amount), 
interactions  were  expected  to  be  of  some  importance.  Because  the 
variability a d reproducibility of our  moldings  were  not  good  at  this 
point,  the 2vg-1 fractional  design  was  picked  since  addition  to 
minimum  confounding,  it  would  also  have a maximum of  degrees of 
freedom  for  error  determination.  The  seventeen  parameters  listed in 
Table XX were  then  separated  into  those  to  be  held  constant  and  those 
to  be  varied.  When  the  responses  to  be  used  in  the  design  (Table XXI) 
were  included,in  the  overall  design  considerations,  it  was  recognized 
that a l l  of  the  responses  could  be  obtained  from  one  half  of a 
5 in. x 1 in.  moldfng.  Thus,  postcure was included  because  it  required 
no i crease  in  the  number  of  moldings  and  the  design  was  expanded  to a 
2v7" fractional  factorial. The ratio  of  monomers in oligomer  productions 
was  placed  in  the  constant  category  because  no  large  scale  effects  had 
been  seen.  The  extraction  of  unreacted  monomers  was  placed in the 
constant  category  for  the  same  reasons.  Once  the  decision  was  made  to 
Pelect  the  bleeder  cloth  technique  as a constant,  it  became  desirable 
to  standardize  on  preforming so that  even  thickness  laminates  could  be 
produced.  The  decision  to  use  vacuum  bag  conditions  at 35OoF was  made 
because  these  conditions  result  in  the maximum volatile loss prior  to 
molding,  thus  reducing  the  problem  during  the  molding  cycle  itself. 
The  preforming  pressure  was  selected  at  the  lowest  possible.leve1 
consistent  with  the  preform  having  mechanical  integrity.  The  temperature 
of  the  mold  and  press  when  the  preform is introduced  was  picked  at 500°F 
because  higher  temperatures  appear  to  magnify  the  volatile  problem  and 
there  ip  no  evidence  that a lower  temperature  improves  the  situation 
for  preformed  materials. The initial  pressure  conditions  was  picked 
a? the  loweet  stable  reading  on  the  press  pressure  gage so th t there 
would  be  the  minimum  restriction  on  volatile  movement  and  egress  during 
the  initial  heating  period.  We  had  seen no evidence  of  the  effect  of 
molding  time  above 30 minutes so that  our  usual  time  of 60 minutes  was 
chosen. 
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TABLE XX 
Factors  to  be Varied 
FACTORS IN “ E N T A L  DESIGN 
FRACTIONAL FACTORIAL m E  2vL 
Factor 
Desimation 
Temperature  of Oligomer  M xing X 
R g  t i o  Monomers (overal l )  $ 
pH of Washed Molding Powder 
Temperature a t   P re s su re   App l i ca t im  
Molding Pres  sure 
Molding Temperature 
Post Cure 
Anhydride t o  Amine 
-Fac tore  to  be Held Constant 
Ratio of Monomers i n  Oligomer Production 
Extrection of Unreacted Monomers 
Use of Preform 
with vacuum bag 
temperature of preforming 
presmre  of preforming 
Uee of Bleeder Cloth Molding (2 layers  on top and 
2 l aye r s  on bottom) 
I n i t i a l  Temperature i n  Molding Cycle 
P r e s v e   P r i o r   t o  Mold5ng Pressure (contact) 
Time a t  Molding Temperature 
Levels - t 
l l O ° C  17OoC 
1: 1 1.04: 1 
1.5 4.5 
5 509 700°F 
1, OOOopsi 5,000 ps i  
700 F WOOF 
no Yes 
Level -
2:1 mole r a t i o  
none 
Yes 
%OF 
20,000 p s i  
Yes 
500°F 
60 minutes 
50 ps i  
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TABLE XXI 
RESPONSE VARIABLES TO BE USED I N  FINAL EXPWCMENTAL DESIGN- 
ResDonses t o  be Included i n  Ekmerimental Design 
Flexural properties (ultimate strength, modulus and max imum 
deflection) 
a t  500°F and 900°F 
Specific Gravity 
Hardness 
Weight l o s s  after 168 hours aging a t  &O°F i n  a i r  
&her ResDonses t o  be Gathered 
Weight l o s s  on curing 
Platen movement as  a function of temperature and time 
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The levels  of the  variables were chosen as  those most l i ke ly  
to give maximum information from the analysis. The oligomer mixing 
temperature should change in   character  above 160°C since any chain 
extension occurring should go over t o   t he  imide-amine form and this 
should reduce vola t i le8  in  the  final molding powder. T h  overall 
r a t i o  of monomers should be kept reasonably close t o  1:l f o r  d m  
cured molecular weight. Considerable evidence indicates that the pH 
levels  chosen should give the most information. The effect  of 
temperature a t  which the  final molding pressure i s  applied would 
appear t o  be a nonsmooth function based on platen movement data. 
The change from expansion to  contraction was quite abrupt so the  
two temperatures were picked t o  be above and below the temperature 
a t  which t h i s  phenomenon i s  seen. The molding pressure was picked 
t o  cover the range used most f requent ly   in  compression molding since 
we have gotten good r e s u l t s   i n   t h i s  region. The molding temperature 
levels  were chosen on the basis that temperatures below 700°F have 
generally  resulted  in  pieces  that appeared to   l ack  adequate flow. 
The upper temperature level  may not be high enough t o  reach the 
optimum temperature, but press operation limitations dictated the 
800°F level. The post cure i s  a step program holding f o r  4 hours a t  
multiple intermediate temperatures ending a t  800°F and conducted i n  
ine r t  atmosphere (argon). 
The matrix f o r  the molding fabrication was. s e t  up  by l i s t i n g  
the independent variables inahorizontal row as  column headings and 
the & numbers 1 through 64 i n   t h e   l e f t  column as   the row headings. 
Each of the variables 1-5 and 7 are then indicated to be molded a t  
the lower leve l  by - sign and at  the higher  level  by a f sign. For 
the first variable the signs are altered, f o r  the second variable the 
signs change every second run, f o r  the third variable they change every 
fourth run, with each succeeding variable changing eigns a t  twice 
the interval  of the preceding one a s  shown i n  Table XXII. Since t h i s  
i s  not a full  factorial  design one er more of the variables (in t h i s  
case. one since it i s  a half replica) 5s defined by multiplying 
algebraically the signs for i t s  alias designation. In this design 
factor   s ix  was deliverately confounded with the quintuple interaction 
x1x9$4x5 interac ion insures that factor  s ix  will not be confounded by even 
three factor interactions much l e s s  main effects  o r  two factor inter-  
actions. The matrix of Table XXI can be expanded i n  t h e  same fashion 
(algebraic multiplication of signs) t o  define the signs for the two 
factor interaations. T h i s  addition t o  the matrix i s  used for analysis 
of these interactions when the response values are determined from the 
sample testing. If the samples are  made in the order the matrix defines, 
a bias could result i f  the resin ages f o r  example. Thus the order of 
sample molding was randomized by associating the runs with a set of 
numbers from a random number table. 
which i s  therefore i t s  alias. Picking this multiple factor 
The completed matrix including a l l  response data obtained i s  given 
i n  Table XXIII. The var iables  l is ted below were analyzed by the ANOVA 
method described i n  reference 15  fo r  main factor  correlations and a l l  
two factor interactions. These response variables were: 
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Run # 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
ll 
12 
13 
u 
15 
16 
17 
18 
19 
20 
21 
22 
23 
a 
25 
26 
28 
27 
30 
29 
31 
32 
33 
34 
36 
35 
37 
38 
40 
39 
41 
42 
44 
43 
45 
46 
47 
48 
49 
50 
52 
51 
53 
54 
55 
56 
57 
58 
60 
59 
61 
62 
63 
64 
X1 
4 
0 0  
W H  
0' 
- Level U O O C  
t Level 17OoC 
1 :1 1.5-2.0 
1.04:l  4.5-5.0
x5 
1000 psi 
5000 psj  
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1072-13L 
1022-152 
1022-110 
1029-26 
1028-32 
1078-LO 
1022-1LL 
1022- I20 
1022-1L6 
1028-12 
1022-133 
1028-16 
1025-18 
lo2 &io 
1 0 2 a a  
1028-28 
110 
170 
110 
110 
170 
170 
110 
170 
l l o  
110 
170 
170 
110 
170 
110 
170 
110 
170 
l l o  
170 
110 
170 
110 
l l o  
170 
170 
110 
170 
l l o  
170 
110 
I70 
1:1 
1.0L:l 
1:1 
1.0L:l 
1:1 
1:1 
l.OL'1  
1.4'1 
1:1 
1:1 
1.OL:I 
1.0LZ1 
1:1 
1:1 
1.OL'l 
1.0L:l 
1:1 
1:1 
1.0L:l 
1.w1 
1:1 
1:1 
1.0L:l 
l.OL'1 
1:1 
1:1 
1.0L:l 
1.0L:l 
1:1 
1:1 
1.0L:l 
1.0L:l 
1.5 
1.: 
1.5 
1.5 
4.5 
L.5 
4.5 
L.5 
1.5 
1.5 
1.5 
1.5 
L.5 
L.5 
L.5 
L.5 
1.5 
1.5 
1.5 
1.5 
L.5 
L.5 
L.5 
L.5 
1.5 
1.5 
1.5 
1.5 
L.5 
L.5 
L.5 
L.5 
550 
550 
550 
550 
550 
550 
550 
750 
550 
7 w  
7 w  
7 w  
750 
750 
750 
1W 
550 
550 
550 
550 
550 
550 
550 
550 
7 w  
750 
750 
7 w  
750 
1M 
700 
1003 
1003 
1003 
low 
1003 
loa, 
l o w  
1003 
1003 
1003 
1003 
1003 
1003 
1003 
1m0 
1003 
7 w  
m 
em 
7 w  
8W 
7 w  
7m 
12.9 
Z . 4  
22.8 
9.5 
17.2 
13.5 
12.5 
2 .8  
15.9 
23.6 
1.W 
0.9N 
l . l W  
0.822 
1.110 
1.m 1.26L 
1.178 
1.25L 
1.m 
1.210 
0.739 
1 . 2 9  
1.233 
1.153 
1.W 
1.2l.7 
1.130 
1.199 
0 . m  
1. 3 L L  
1 . R 5  
I .190 
1.268 
1.361 
l.W 
1.U 
1.167 
1.253 
1 . 3 l l  
1.1U 
1.278 
n 
70 
47 
LO 
63 
7L 
7 1  
70 
69 
n 
n 
n 
73 
62 
65 
66 
a 
65 
73  
66 
73 
72  
68 
66 
70 
72 
b9 
b9 
73 
58 
69 
n. 
ll.8 
23. 
29.7 
8.01 
6.6 
58. 
5.7 
l l . 5  
16. 
50.0 
L.n 
1.96 
6.56 
1.66 
L7. 
L7.5 
10.3 
50.0 
7 . R  
8.0 
6.L6 
2.61 
K.8 
1O.L 
26. 
25. 
5.w 
3.46 
2.72 
8650 
7 0 P  
739 
5900 
2810 
36m 
2554 
m 
sa 
ULOO 
1Om 
l a m  
7095 
9254 
u 5 0  
10503 
lOm 
loam 
6163 
5160 
9620 
)960 
nm 
5lW 
m 
296 
1 8 3  
12500 
5IW 
na 
7080 
nm 
0.9 
0.52 
0.34 
0.31 
0.57 
0.52 
0.43 
0.86 
0.47 
0.U 
0.55 
0.a 
0.30 
0.52 
0.54 
0.62 
0.23 
0.0 
0.U 
0.x) 
0.70 
0.65 
0.53 
0.52 
0.79 
0.64 
0.64 
0.03 
0.027 
0.U 
0.64 
0.72 
'0.27 
0.019 
0.21 
0.U 
0.13 
0.10 
0.052 
0.17 
0.28 
0.28 
0.09 
0.023 
0.029 
0.00 
0.13 
0.m 
0 . W  
0.15 
0.X 
0.0p 
0.33 
0.75 
0.18 
0.0% 
0.38 
0.Y 
0.31 
0.25 
0.23 
0.047 
0.01 
0.056 
m 
m 
700 
700 
7 w  
803 
BM 
em 
7 w  
BM 
7m 
u. 4 
u . 7  
25.0 
19.0 
n.9 
1b.L 
10.1 
2.6 
12.9 
Y.2  
25.0 
18.2 
18.3 
17.3 
15.0 
21.5 
22.5 
5Mo 
5003 
5003 
5003 
5030 
5003 
5003 
5003 
5003 
50W 
5003 
5003 
5WO 
5Mo 
5003 
5003 
700 
em 
7 w  
em 
m 
7 w  
7w 
m 
7 w  
m 
8W zL.9 
8.9 
15.6 
16.3 
18.9 
7 w  
700 
em 750 1.m 
1.5 
4.5 
1.5 
1.5 
1.5 
550 1003 
550 1003 
700 50W 
550 5003 
750 1Mo 
550 I003 
550 I003 
550 1003 
550 KO0 
550 1Mo 
550 1003 
550 1003 
750 loa, 
550 lOm 
7 w  1003 
7 w  low 
750 1003 
7 w  1003 
750 1030 
750 loa, 
700 1003 
550 5003 
550 5030 
550 5003 
550 5x0 
550 5003 
550 5003 
550 5003 
550 5003 
750 XKXi 
703 5003 
750 5003 
703 5003 
750 5WO 
7 w  5003 
7W 5WO 
750 50w 
17.9 1.267  75 
15.2 1.)03 
lL.7  1.363  72 
26.2 0 . 7 3   7 3  
21.0 1.186 73  
20. 
50. 
9 3 0  
8190 
la0 
0.52 
0.50 
0.37 
0.52 
5 . a  
0.22 
0.23 
0.38 
0.023 
0.m 
0.096 
0.U 
0.10 
0 . a  
0.u 
0.27 
0.15 
0.U 
0.20 
0.31 
0.10 
0.17 
0.22 
0.25 
0.10 
0.10 
0.11 
0.050 
0.30 
0.67 
0.00 
0.17 
0.30 
0.29 
0.10 
0.25 
0.m1 
0.034 
0.K 
0.018 
0.m6 
nm 
35. 
19. 
33 
63.0 
4.0 
l l .8 
U .  
46.7 
8.1 
LO. 
LL. Ll. 
6 . 6  
L9.L 
5.6 
9.9 
3.6 
35. 
15. 
9.5 
80.0 
7.2 
5.2 
5.8 
26.0 
3.2 
9.8 
75.0 
13.9 
30.7 
8.6 
5.4 
6.L 
0.5U 
0.36 
0. w 
0.30 
0.58 
0.31 
0.9 
0.73 
0.42 
0.51 
0.5L 
0.18 
0 . Z  
0.3 
0.64 
0.65 
0.26 
0.P 
0.39 
0.25 
0.59 
0.62 
0.62 
0.58 
0.L5 
0.63 
0.5L 
0.10 
0.51 
0.55 
0.59 
O.& 
l l o  
170 
110 
170 
l l o  
170 
110 
170 
110 
170 
110 
170 
l l o  
170 
110 
170 
l l o  
170 
110 
170 
110 
110 
170 
170 
110 
170 
110 
170 
110 
170 
110 
170 
1 1 1  
1:1 
1.0L:l 
1.0L:l 
1:1 
1:1 
1.0L:l 
1.01:1 
1:1 
1:1 
1.0L:l 
1.0L:l 
1:1 
1:1 
1.OL:l 
1.0L:l 
1:1 
1x1 
1a:1 
1.0L:l 
1 1 1  
1:1 
1.0L:l 
1.0L:l 
1:1 
1.0L:l 
1:1 
1.0L:l 
1 2 1  
1:1 
1.04:1 
1.OL:l  
1.5 
1.5 
1.5 
1.5 
L.5 
L.5 
L.5 
L.5 
1 .5  
1.5 
1.5 
1.5 
L.5 
L.5 
L. 5 
L. 5 
1.5 
1.5 
1 .5  
1.5 
L.5 
L.5 
L. 5 
4.5 
1.5 
1.5 
1.5 
1.5 
L.5 
L.5 
L.5 
L.5 
1.236  75 
0.87s 
l .m6   75  
0.556 
1.a 7L 
l.W 
1.1s 64.5 
1.12J. 
1 . U 6  
0.796 5l 
1.053 7L 
0.689 
1.157 76 
1.245  71 
1.175 
1.091 
0.855 
0 . m  
1.250 
1.228 
1.203 
1.128 
1.213 
1.203 
1.277 
0.766 
1.192 
1.193 
1.192 
1.2L5 
1.212 n 
0.876 
1.135 73  
AU vl thovt  mat 
1.m 
1.203 
9.6 
n. 
59. 
4 .  Flexural Modulus a t  500°F 
5 .  Flexura l  S t r eng th  a t  WOOF 
6. Flexural Modnlus a t  WOOF 
In the  analysis  by the  ANOVA method, a l l  h igher  factor  interact ions 
were assumed negl igible  and combined in to  the  e r ror  es t imate .  Based on 
th i s  ana lys i s ,  the  spec i f ic  grav i ty  cor re la ted  wi th  a l l  independent variables 
ercept  the molding tempenature at/or higher than the 99 percent confidence 
l e v e l  and with eight two factor  interact ions at /or  higher  than the 95 percent 
leve l .  As an indicat ion of the overal l  correlat ion the error  sum of squares 
for  the  spec i f ic  grav i ty  was less  than  10 percent of the total  sum of 
squares.  For a l l  o ther  response var iables  this  ranges from 34 percent 
t o  A5 percent. The other  response var iables  correlate  a t  most with two 
main fac tors  and f ive  two factor  interact ions.  Table XXIV l ists  the  F r a t i o  
valueF f o r   a l l   t h e  main f ac to r s  and two factor  interact ions that  are  s ign-  
n i f i c a n t  a t  oroabove the 95 percent confidence level. Improved f l exura l  
modulus a t  900 F and specific gravity require lower oligomer mixing temperature. 
The BSA solut ions have a minimum mixing temperature of N 5OoC below which 
c rypta l l iza t ion  can occur. Less chain extension would be expected during 
the mixing a t  t h e  lower temperatures. This may allow better flow which i n  
burn gives better densification. Higher density would in  tu rn  g ive  be t t e r  
oxidation resistance and be t te r  mater ia l  u t i l i za t ion ,  bo th  ac t ing  to  g ive  
an i n c r e m e  i n  9009 modulus. The lower monomer r a t i o  i s  the  1:l stoichiometry 
which i p  the ideal for highest  molecular weight. Both responses should increase 
a s  the moleculer weight increases. I t  i s  somewhat surpr i s ing  tha t  500°F 
modulus and the s t rengths  do not also show a correlat ion.  This lack of 
correlat ion i p  not understood. The highest pH fo r  t he  molding powder appears 
beet Pince the  spec i f ic  grav i ty  and 500OF modulus both increase and the  
weight loec on aging decreases. Both the temperature a t  pressure application 
and the  molding prespure correlateposit ively with the specific gravity though 
not ac ptrongly as do X1, X2, X , and X7. The molding temperature appears 
to  correlate  only with the 500°3 flexural strength. This negative correlation 
which i.e good but not the best  would mean tha t   t he  lower molding temperatures 
gave on the average the higher flexural strengths a t  50O0F. I n  l i g h t  o f  
th ip  cor re la t ion  it i s  again surpr is ing that  there  i s  no correlat ion with 
WOOF ctrength. The f a c t  t h a t  one t e s t  temperature i s  below and the other  
t e e t  temperature abotre the molding temperature may account  for  this  phenomenon 
but  cer ta inly any causal relationships are not simple. Finally,the postcuring 
lowers the specific gravity and the 500°F f lex s t rength while  the WOOF f l e x  
Ftrength increases. The removal  of unstable (at  800-900%) molecular 
fragmente during the post curing might well be the  mechanism by which the  
Ftrength improvement derives. The fragments could well be s tab le  a t  5 0 0 9  
and thus  cont r ibu te  to  the  500°F strength as well as the specif ic  gravi ty .  
Typical temperature-platen movement data  for  these runs a re  g iven  in  
Figure 17. These data  were obtained by placing a l i nea r  va r i ab le  d i f f e ren t i a l  
transformer (LVDT) t o  read the relat ive platen movements of the press during 
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TABLE XXIV 
@@tIX_.OF SIGNIFICANT COFt@&ATIONS FROM MOLDING PROCESS  EXPERIMENTAL  DESIGN 
500°F WOOF WOOF WOOF 
Specif!ic W t .  LOSS Flexural  Flexural  Flexural  Flexural 
Factor ( e )  Gravity on hginq  Strenath Modulus StrenPth Modulus 
x1 Oligomer 38.96*** 4.20" 
"_ ~ Mix Temp. 
X2 Monomer 63. ?3"** 5.62" 
Ra t i 0  
X3 Molding 
-~ ~ ~~ ~ 
-~ "~ . . . . ~- ~-
- Note: Single  asteri'sk  denotes  correlation a t   t h e  95% confidence level 
Double aster isk denoted co r re l a fbn  a t  t he  9% confidence level  
'IHple asterisk denotee correlation at the 99.99 confidence level  
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0.401 I 1 I I I 
5000 psi 
IS APPLIED 
z 110°C MIXING TEMP. 
0 
I- 1.1 MOLE  RATIO . 
2 0.080 4.5 pH 
0.070 I - MOLDING 1022-132 
I- z 
0 
- 
75OOF PRESS APPL. 
0 
# 
5000 psi MOLDING PRESS 
0.090 - 800°F MOLDING TEMP. 
0.100 
0.110 
500 600 700 800 
TEMPERATURE, O F  
70-0212 
Figure 17 CHANGE IN MOLDING POWDER THICKNESS A S  A FUNCTION OF 
TEMPERATURE DURING MOLDING 
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the  ac tua l  molding cycle. The output of t h i s  LVDT was f ed  to  the  X 
input  of an X-Y recorder while the Y input  was fed from a thermocouple 
taped t o  t h e  mold surface. The r e su l t i ng  p lo t  shows the expansion and 
contrmtion of  the mold and res in  a s  a function of temperature during 
the molding cycle.  'Note particularly that there i s  a rather  abrupt  
change from expansion to  cont rac t ion  between 500 and 5509. This abrupt 
change may well indicate  the onset  of flow i n  the polymer system. 
Several equipment modifications were necessary in  the sensing and 
recording equipment before the noise level was reduced t o  tb po'int shown 
on Figure 17. The high frequency variations thought a t  first t o  be 
associated with resin breathing in the curves were foimd t o  be a f'unction 
of the  on-off control of the platen heatess.  Thus the average of the 
a l te rna t ions ,  ehown by a dot ted  l ine ,  i s  the true movernent of the resin.  
The molding behavior of the resins can generally be divided into those 
t h a t  show continual contraction throughout the rrcu.re" portion of the molding 
cycle (Figures 12 b and 17 c) and those that  show l i t t l e  or  no contraction 
or  movement during this  port ion of the  mold cycle (Figure 17 a ) .  One feels 
thRt  th i s  movement or lack of it must be t i e d   i n   w i t h  some bas ic  s t ruc tura l  
or chemical differencep but there does not appear to be any correlat ion with 
the independent variables or their  two fac tor  in te rac t ions .  There i s  a 
poss ib i l i t y  t ha t  h ighe r  molding temperature gives more  movement during cure 
s ince more of the samples t h a t  show flow during cure are 800°F cure temperature. 
samples. However fur ther  work i s  necessary  to  def ine  the  u t i l i ty  of  th i s  as 
a t o o l  f o r  improving our knowledge of the molding p o c e s s .  
These re la t ionships  were taken into account i n  deciding the molding 
cycle and molding powder parameters for the deliverable items. Table XXV 
i s  the  molding cyc le  to  be used for  those moldings. 
The preform technique used for the molding process in the experimental  
design was discarded when the decis ion was made on the molding cycle  for  the 
del iverable  items. The decis ion was based on severa l  fac tors :  
1. The press t ime required for the preform-ppasemold cycle was twice 
as long a? the  s t ra ight  press  mold cycle. 
2. Additional time was r equ i r ed  to  sand t h e  preform t o  f i t  i n t o  t h e  
mold due t o   t h e   e l a s t i c i t y   o f   t h e   m a t e r i a l  and mold. 
3. We deviPed a simple technique for smoothing the  molding powder i n  
the  mold r e p e t i t i v e l y  so t h a t  even thickness  par ts  would result. 
L. A simple preforming type of operation i n  s i t u  gave suf f ic ien t  
comppction t o   g e t  good hea t  t ransfer  and e f f ec t ive  molding. 
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TABLE XXV 
DELIVERABLE ITEM MOLDING CYCLE 
1. P rehea t   p re s s   t o  500°F 
2. Place 2 l aye r s  b rea the r  c lo th  in  mold 
3. Pour i n  molding powder - smooth t o  even thickness. 
4. Add two l aye r s  of breather cloth on r e s i n  and close mold. 
5 .  Place mold i n  p r e s s  and c lose  press  to  contac t  pressme 
( 50-100 pdi 1 . 
6. Raise set p o i n t  t o  800°F. 
7. When mold reaches 700°F apply 5000 mi pressure.  
8. Hold a t  800- f o r  1 hour.  Maintain 5000 psicpressure.  
9. Cool under   p ressure   to  400°F. 
10. Remove from mold. 
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v. SCALeUP 
Although the oligomer process i s  inherent ly  very flexLble because 
many parameters may be var ied to  produce the specif ic  molecule  required,  
certain aspec ts  must be control led very p rec i se ly   t o   p reven t   l a rge  
scale branching or cross-linking. Two of the c r i t i c a l  p r o c e s s  areas 
are longer heat-up time assoc ia ted  wi th  la rger  ba tches  and t h e   l o c a l  
stoichiometry during oligomer synthesis and mixing. 
The heatup time was decreased from 3 hours t o  1 hour t o  45 minutes 
and f inal ly  t o  24 minutes over aninerun sequence. T h i s  appears  to  be 
the  minimum time possible  without  overheat ing the react ion vessel walls 
and causing monomer degradat ion or  premature solvat  degradat ion.  The 
amount of benzene removed during these steps dropped from a r a t i o  o f  one 
milliliter of benzene fo r  eve ry  two m i l l i l i t e r s  of water t o  1 m l  of 
benzene t o  every 11 t o  1 2  m l  of water. This corresponds t o  a mole r a t i o  
change from 1:lO t o  1:50 o r  from 10 percent  hydrolysis  to  about  2 percent 
hydrolysis  and  appears t o  be  acceptable. 
Further reductions in heating t ime could be realized by using flow 
type  hea ters  wi th  very  h igh  sur face  to  volume r a t i o s   i n   c o n t r a s t   t o   t h e  
c y l i n d r i c a l  r e s i n  k e t t l e s  used fo r  t he  syn thes i s  du r ing  th i s  con t r ac t .  
* In i t i a l  scale-up from the 1/2 lb .  per  batch level  was attempted i n  
stainless s teel  equipment. This run was a complete failure due t o  degrad- 
a t ion  of  bo th  the  anhydride-BSA solu t ion  and t h e  amine-BSA so lu t ion   p r io r  
t o  mixing. Whether the degradat ion was due pr imari ly  to  the metal wal ls  
of t h e  vessels o r  t he  in t e rac t ion  between the  less pure BSA purchased 
i n  bulk and t h e  walls was not obvious. However, pure BSA and g l a s s  equip- 
ment was used f o r  a l l  subsequent syntheses. 
The increased mixing problems were f irst  observed i n   t h e  oligomer 
synthesis  when scal ing up from the  100 gram l e v e l   t o   t h e  one pound 
(453.6 grams) l eve l .  A local  excess  of one monomer i s  des i r ed  to  Peac t  
with the second monomer to  prevent  formation of  unwanted high molecular 
weight species.  In scaling up, f a s t e r  a d d i t i o n  r a t e s w e r e  r e q u i r e d  t o  
keep t o t a l  a d d i t i o n  time a t  t h e  same value as  t h e  smaller e a r l y  runs. 
The i n c r e a s e   i n   a d d i t i o n  rates was l a r g e r   t h a n   t h e   i n c r e a s e   i n   s t i r r i n g  
r a t e s  and small mounds o f  ge l  formed a t  the  addi t ion  poin t .  T h i s  was 
probably due t o  a s h i f t  i n  t h e  l o c a l  s t o i c h i o m e t r y  away from t h e  2:1 
r a t i o  toward t h e  1:l r a t i o  which gives  m a x i m u m  molecular weight. Increased 
mixing and s p l i t t i n g  of t he  s ing le  add i t ion  stream i n t o  two o r  more streams 
reduced the gel  formation s ignif icant ly .  The tendency toward branching 
was reduced by making t h e  more s t ab le  amine capped oligomer one day, t h e  
anhydride capped oligomer the following day, and mixing them together  as soon 
as t h e  l a t t e r  solution cooled to the required temperature.  
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The intensi ty  of mixing actually applied probably decreased some 
since the volume increased by a factor  of ten f r o m  .the  early 250 gram 
leve l  t o  the 5 lb. (2258 gms. ) and the horsepower of the stirrer did 
not increase connneneurately. A4 a result it is  anticipated that the 
actual mixing conditions were fur ther  from the  ideal   for   the  large  batches 
than for the  small. The physical problems of  s t i r r ing  50 gal. of water 
violently reduced the  precipitation  officiency and the  first attempts 
to   precipi ta te   rapidly  resul ted  in  a t a r   l i k e   l a y e r  on the bottom of   the 
precipitation  tank which had t o  be broken up i n  a blender so that washing 
could be completed. However, the waahing was  much easier once the 
precipitate was broken up becauae the sol ids  would drop to  the  bottom 
rapidly and never went through the  stage of colloidal. suspension properties. 
&st of the large batches (.) 2#) were molecularly mixed a t  60°C which 
could account fo r  the ease of precipitation and washing. 
One of the more subtle problems to.answer i n  scale-up i s  whether 
quality of the resulting product i s  the same as,  o r  bet ter  or worse 
than before. In this case quality can only be judged by comparison 
of physical or mechanical properties of moldings (such as specific gravity 
and flexural properties) since no a priori standard was available. 
.Reproducibility w a ~  even harder  to  define  unti l  multipound batch levels 
were reached because the wide range of var iables   to  be investigated seldom 
l e f t  any resin available .fmduplication. The most dramatic indication 
of homogeneity within a resin batch and reproducibility of molding 
conditions was  hown  when the deliverable rods were fabricated. 
The recommended molding cycle that evolved from the experimental design 
worked very well i n  producing eleven 5 in. x 1 in. bars of very close 
physical properties for machining into the deliverable rods 5 in. long. 
by 1/4 in. diameter. The machining conditions for making the rods are 
given i n  Appendix A. The average specific gravity of the 30 rod 8 was 
1.347; maximum and minimum values were 1.36 and 1.33, a variation of only 
0.03 specific,  avity units. The average  weight loss from the molding 
process (14.646 Y appeared to  correlate  with  chronological  time,  there 
being an 11.2 percent l o s s  for   the  first bar, and a 15.8 percent for 
the last one. Such a correlation might  imply tha t  atmosphereic con- 
dit ions such a s  ambient re la t ive  humidity could have an effect. Evidence 
of the s imilar i ty  amongst these moldings i s  shown i n  t h e  IR spectra from 
four of the bans (Figure 18). A comparison of Figure 18 b (molding 
1028-73 which had the clearest spectra) with the band list' given i n  
reference 16 ehows that only two of the 13 bands l i s t ed   fo r   t he  pyrrones 
are  missing. The four  spectra are very similar with the same prominent 
bands shown i n  each epectra and very close relative heights fortthese 
bands. For example, the peaks a t  1750 cm-l, 1610 cm-l, and 1240 cm-1 
are a l l  about the same i n  each spectra and the peaks a t  800 cm-1 are  
also similar t o  each other in height and less than the first three.  
One of the two missing bands ( t h a t   a t  1470 crn-1) shows ;some unlikely 
appearrncer and disappearances if t h i s  i s  t ru ly  a pyrrone band. Generally 
6~ band i n   t h e  1450-1500 c d  region is present i n  anhydride capped oligomers 
no matter w h a t  eolvent waa used for eyntheeis but does not appear i n  the 
epectra f o r  amine capped oligomera. It also ehows  up i n  some mixed oligomers 
but not i n  others. Nom of the oligomer route moldings showed a band i n  this 
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Figure 18 COMPARISON OF IR SPECTRA OF FOUR OLIGOMER ROUTE WRRONE MOLDINGS AS AN 
INDICATION OF THE  REPRODUCIBILITY  OF  THE  MOLDING  PROCESS 
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region, including the the 5 x 1 in. bars (Figure 18), the first molding 
made, the highest  densi ty  molding made (synthes ized  in  DMF and mixed 
i n  BSA), a molding made from oligomers t h a t  were extracted and then 
mixed and a molding used f o r  a del iverable  item. None of the peaks 
seen i n  any of the other  spectra  have both the intensi ty  and frequency 
shown by this peak i n  some of  the spectra  in  the ci ted work. It must 
be pointed out that  the spectra in reference 16 fo r  Me2-DAB s a l t  a a  a 
function of cure show no such peak i n   t h e  most cured s t a t e  and only a 
weak Peak a t  in te rmedia te  cures. I n  f a c t  it may be tha t  t he  s t rong  
peak a t  1500 cm-l slowly broadens and s h i f t s   t o  lower wave numbers 
(lower frequency) before fading out. This could be t i ed  in  wi th  in -  
c r e a s i n g   r i g i d i t y   i n   t h e  backbone as cyclization proceeds. 
Larger moldings (8-1/2 x 3-1/4 x 1/4 in .  ) for  the del iverable  
bars  were attempted next and the molding da ta  for  the  first four moldings 
are given i n  T a b b  XXVI. These moldings showed substantial  cracking. 
The c racks  in  molding 1028-79 were in  the  th i ckness  d i r ec t ion  but those  in  
the other  three moldings weee generally in the length-width plane. The 
cracks in the thickness direction appeared to be shrinkage cracks SO t h a t  
modif icat ions to  the molding cycle were made t o  reduce the effect  of  
such  forces . 
These modifications were longer times a t   t h e  mold temperature to 
drive out volati les while nnder pressure and t o  give a more complete 
cure, and ea r ly   r e l ease  of the pressure to  a l low the.molding to  move 
independently of the mold during the cooling period. These changes 
epparently prevented the shrinkage cracks from occurring but also 
apparently caused enough buildup i n   i n t e r n a l   p r e s s u r e  from trapped 
vola t i les  to  cause  the  secDnd kind of crack. For the  most par t  these 
cracks did not show a t  any of the surfaces but were detected by throu& 
transmission of ultra sound (145 MHz) using standard nondestructive 
t e s t i n g  (NDT) techniques. 
Since the resin batch was not held constent over the four moldings, 
r e s in  vs r i a t ion  was considered t o  be a reason for the cracking. I n  
o rde r  t o  tes t  th i s  poss ib i l i t y ,  four 5 x 1 in.  moldings were made, 2 each from 
1039-1 and 1039-5 resins .  One of each was  molded  by the  cycle used when 
molding f o r  rod production and the other two were molded with the longer 
molding time and ear ly  pressure release used for  the las t  three 8-1/2 x 3-1/4 
in .  moldings. The r e su l t s  a r e  shown i n  Table XXVI. Evident ly  the resin 
batches are both satisfactory.  The three major  changes are the longer 
time a t   t h e  molding temperature, the early pressure release and the higher 
pressure.  Certainly one would ant ic ipate  that  higher  pressure (2.7X) could 
suppress such cracks. However the experience i n  molding the  5 x 1 in.  bars  
f o r  rod production where pressure ranged from 6,700 p s i   t o  13,700 p s i  
without cracks of either type suggest thRt there i s  no major e f f e c t  of 
pressure. If t h i s  be true then longer time a t  molding temperature and 
e a r l y  pressure re lease  a re  the  main cause of the cracking. 
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TABLE X X V I  
MOLDING C0M)ITIONS  FOR INITIAL 6'' x 3k'' PLATES 
Temp.  Temp. a t  
of Press. Specific 
Molding Temp. of Pre- Press. Mold Molding Molding Holding  l i  Release Gravity 
Number Resin  heated Mold Appl. Press. Temp.  Time Temp. Time 
Room 
1028-79 1039-1 500°F  700°F 5000 ps i  800°F 60 min. none - Temperature 1.28 
1028-82 1039-4 WOOF 700°F 5000 ps i  8009  120 min.  none - 750 OF 1.27 
1028-84 1039-5 60OOF 700°F 5000 ps i  800°F 180 min. 700- 120 min. 700°F 1.29 
1028-86 1039-5 5009 700°F 5000 ps i  800°F 180 min. 7009  12  min. 700%' 1.26 
hold a t  
500°F fo r  
1 hour I 
TABLE: XXVI 
EFFZCT OF MOLDING TIME AND PRESSURF: RELEASE ON MILDING SPECIFIC GRAVITP AND CONTIGUITY 
Time Temp. 
b r i n  
Moldinnp Number 
1028-78 103-1 
1028-85 1039- 5 
1028-87 1039-1 
1028-88 1039-5 
a t  at 
Press. Temp. @ Molding Molding Mold Hold Hold Press. Specif ic  
%mp. Prees. A m .  Prseaure Temp. Temp. Temp. T i m e  Release  Gravity Cracks -
m o p  700'F 13,700 p s i  8W°F 60 min. none - 5 0 0 9  1.32 no 
W ° F  700'F 5,000 p s i  800°F 180 min. 700 123 min. 700% 1.28 Yes 
500°F  7000F 5,000 psi 8W°F 120 min. none - 750°F 1.25 Ye5 
roo% 700'F 13,700 p s i  800°F 60 min. none - 500% 1-33 no 
The longer time a t  temperature should in f a c t  cause more v o l a t i l e  
generation within the molding since more complete cyclization should 
remlt  from t h i s  change i n  molding cycle. These v o l a t i l e s  could be  more 
completely trapped than thosegenerated earlier i n  the cycle because the 
r e s i n  a t  the  mold surfaces would cure first and m e a t  a much greater 
d i f fus ion  ba r r ig r  t o  vo la t i l e  egress. Early pressure release a t  temperatures 
of 7 5 0 q  or  700 F where resin s tmngths  are not as high and internal  gas  
p r e m r e  very high would be the   r i gh t  combination of conditions for cracks 
t o  be generated. Further molding9 to , t e s t  t h i s  hypo thes i s  were made next. 
Molding 1028-91 was l i m i t e d   t o  60 minutes a t  temperatures above 7 7 5 9  
instead of the 60 minutes o r  more a t  WOOF molding cycle used i n  previous 
9-1/2 x 3-1/4 in .  moldings. A s  shown:An Table XXVIII the  spec i f ic  grav i ty  
wa,p s l i g h t l y  low (1.30) but there were not cracks according to NDT evaluation. 
Molding 1028-93, a repeat with the same r e s i n  powder and conditions, had 
dgni f icant  c racks  eo the  time a t  temperatures above 775'F was reduced t o  
50 minuteP.  Molding 1028-95 had a bet ter  specif ic  gravi ty ,  1.31, and no 
crRcks. The problem, however, was not solved yet as the next molding 
(1028-99) , made from a different  res in  batch,  was molded with only 45 min. 
a t  7 7 5 9  -t and had several  cracks paral le l  to  the large surface.  A 
reduction in temperature to 750°F coupled with a 60 minute residence time 
gave three good moldings (1028-100-1, -2, -3) with t h i s  same batch of resin. 
Note though t h e t  1028-100-2 was not compressed evenly throughout the whole 
p iece  resu l t ing  in  one end being thin and the  powder not well bonded t o  
i t p e l f .  Whether the  mold cocked in  sea t ing  or the powder  was not spread 
evenly i n   t h e  mold i s  not known. 
"he next two moldings (1028-102-1, -2) were again made from a new 
batch of resin but keeping the molding procedure the same, namely60 min. 
a t  7 5 0 9 ,  r e e u l t e d  i n  two crack free pieces of the same spec i f ic  grav i ty  
(1.32). However, t he   t h i rd  molding (1028-102-3) from the 1039-15 r e s i n  
batch, run under apparently identical conditions, had a lower spec i f ic  
gravi ty  (1.30) and large cracks paral le l  t o  the surface. The study of 
the ecaled up molding process for 8-1/2 x 3-1/4 in .  moldings was hampered 
by t h e   f a c t   t h a t  a full 1-1/2# batch of resin would only give three or 
four moldings since each required 180 grams of molding powder. "ius many 
comparisons of e f f ec t s  were complicated by unavoidable changes i n   r e s i n  
as  wel l  as  the  de l ibera te  changes i n   t h e  molding cycle. 
Ei ther  the molding process was ex t ra   sens i t ive  when making la rge  
moldings or the batch to batch synthesis variations were more c r i t i c a l  
than previous experience indicated because the large moldings varied 
d r a r t i c a l l y  i n  i n t e r i o r  i n t e g r i t y  ( s p l i t t i n g )  a c c o r d i n g  t o  NDT h s p e c t i o n  
without apparent changes i n  molding cycle or synthesis conditions. An 
extreme example of t h i s  i s  the  molding from resin batch 1039-16 (Table-11). 
Although th is   res in   ba tch  was madeostensibly i n  ident ica l   fash ion   to  1039-15 
and 1039-12 and all four moldings (1028-104-1,-2,-3,-4) made from the   r e s in  
were done under the same molding conditions (those that gave f ive  good moldings 
out of s i x  attempted under these conditions) , a l l  four from 1039-16 had 
major s p l i t s   p a r a l l e l   t o   t h e   l a r g e   s u r f a c e  and a maximum spec i f ic  grav i ty  
of 1.26. Also the mechanical properties of material from the  good sect ions 
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TABLE XXVIII 
MOLDING CONDITIONS FOR DELIVERABLE ITR4 PLATES 
Preform Conditions - 
Tims B 
Eloldin: ReFin PreFs. Tgmp.  Time  Tgmp. Presp. lima Temp. Press. TBI~) W t .  Spec i f i c  
Nmber Number k u p i  F Min. F k ps i  Mln 9 k psi Mln.. Loss % Gravity 
ln2R-90 1039-5 600 
.~ 
Remarks 
775t 5 (a 1L.7 1.30 83 X *'I, fen cracks - r e s t  good 
1039-8 
1039-H 
1039-8 
1039-12 
1039-12 
1039-12 
1039-12 
1039-15 
1039-12 
1039-12 
1039-15 
1039-15 
1039-15 
1039-16 
1079-16 
1039"l h 
1039-lf~ 
1039-.23 10 
1019-23 10 
1039 23 
1.839-23 1 
ln j9  23 5 
1 n v - 2 1  5 
I n w 2 3  5 
1019--23 5 
lQ19--23 5 
103?-23  5 
1039-23 5 
600 
600 
to0 
600 
500 
500 
500 
500 
503 
500 
500 
500 
500 
hoo 
h00 
600 
600 
R.T. 1 mer. 500 
R.T. 1 mar. 500 
500 
R.T. 1 max. R . T .  
R . T .  1 mar.  500 
R . T .  1 m x .  500 
R . T .  1 mex. 500 
R . T .  1 m 8 x .  500 
R.T. 1 rndx. 500 
R . T .  1 msx. 500 
R.T.  1 max. 500 
775+ 
775+ 
775+ 
775+ 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
750 
7 50 
750 
30 800 
800 
0.2 800 
750 
750 
750 
750 
750 
750 
753 
5 6 0  
5 6 0  
5 50 
5 L5 
5 6 0  
5 6 0  
5 6 0  
5 6 0  
5 6 0  
5 6 0  
5 6 0  
5 6 0  
5 6 0  
5 6 0  
5 6 0  
5 6 0  
5 6 0  
5 60 
5 6 0  
5 6 0  
0 . 2  62 
5 6 2  
5 6 0  
5 6 0  
5 6 0  
5 6 0  
5 6 Q  
5 6 0  
13.7 
14.2 
12.0 
13.5 
13.1 
12.5 
12.6 
12.8 
12.5 
12.6 
12.8 
13.6 
13.1 
1L.2 
1L.2 
11.4 
16.6 
11.8 
13.6 
13.2 
13.6 
1 L . O  
1L.9 
11.9 
1.30 
1.29 
1.31 
1.30 
1.30 
1.31 
1.32 
1.32 
1.31 
1.32 
1.32 
1.32 
1.30 
1.26 
1.24 
1.30 
.9L8 
1.29 
1.30 
1.32 
1.30 
1.30 
1.30 
1.32 
211 re-in poudar VRF msde and mixed i n  BCA solutior.   Synthesis  temperature YBS 392OF; molecular m i x  t e m p e r a t p  
  LO OF nnil the re.=in W F C  wwhed t o  B pH of L .5 :  the temperature a t  which 5000 ps i  p ressure  was sppl iad ~ 8 s  700 F. 
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of molding 1028-90 which had a moderately good spec i f ic   g rav i ty  and 
r e l a t i v e l y  few cracks to avoid,  were lower than expected. These 
data, together with other mechanical and thermal property data,  are 
given i n  Appendix B. 
Resin batch 1039-23 was the first large batch from t h e   l a s t  
r e d n  scale-up and gave N 5-1/2#. Three samples were run with the 
now normal molding conditions of 60 minutes a t  750q under 5000 psi ,  
modified t o  be sure that previous effect,. were real  i.e, not just 
and a r t i f a c t  oof t he  changfng batches. Moldings 1028-109 and -110 were 
run a t  the 800 F temperature for 60 minutes and both cracked through 
the plate  thickness .  A modified molding cycle was used next (1028-111) 
i n  which 200 pei  pressure was a p p l i e d  a t ' t h e  s t a r t  of the cycle and kept 
throughout  the cycle  to  f inish at  8OOOF. The res in  co lor  remained 
orange-brown and, together with the low specif ic  gravi ty  of  0.948 and 
powdery texture, ind ica ted  insuf f ic ien t  cure. The standard  cycle was 
repeated again (1028-11a) and apparent ly  the resin was not smoothed 
adequately because both ends were th in ,  l i gh t  i n  co lo r  and powdery. 
However, seven l a rge  moldings were made i n  succession without gross 
flaws according to NDT ultrasonic inspection. Six of these were sent  
t o  NASA Langely a s   p a r t  of the deliverable items. 
The molding port ion of  this  invest igat ion required near ly  20 lb .  of 
pyrrone resin molding powder t o  demonstrate that  unfil led moldings of 
good to  exce l l en t  mechanical and physical properties can.be made. The 
scale  up to  l a rge  moldings (8-1/2 in .  x 3-1/4 in.  x 1/4 i n . )  from 
5 in .  x 1 in .  x 1/4 in .  moldings gave s igni f icant  problems. Moldings 
with good physical properties and good very high temperature mechanical 
propert ies  (900 and 1000°F) were made although the R:T., 500 and 700%' 
proper t ies  a re  only  fa i r .  
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VI. FILLED PPRRONE MOLDINGS 
The f i l l e d  molding study consisted mainly of the addition of 
molybdenum d i su l f ide  and graphi te  to  the  moldings.  Other f i l lers  
which were tried included carbon, alumina, cured pyrrone powder, 
s i l i c a ,  and i n d u s t r i a l  diamonds. The molding cha rac t e r i s t i c s  of 
the 5 x 1 x l /h - in .  ba r s  a re  l i s t ed  in  Table =X. 
Molybdenum d i su l f ide  (MoS2)  was introduced as a f i l l e r  a t   t h e  
leve l  of  20 percent by weight by adding it t o   t h e  BSA solut ions of 
both monomers during the molecular mixing step. MoS2 was a l so  
fnizoduced by two other  methods both of which also gave a nice homo- 
geneous mixture without apparent segregation. The second method of 
introduct ion was by addition of the MoS2 t o  a 10 percent solution of 
the resin in  formic acid.  The solvent was removed by gentle heating 
a t   1 2 5 9  followed by ~ 1 6  hours i n  a vacuum oven held a t  150°F. 
The t h i r d  method was t o  make a paste of oligomer route resin powder 
i n  a conventional route resin varnish (obtained from NASA Langley) 
with equal  quant i t ies  of r e s i n  from each source. The MoS2 was then 
mixed i n t o   t h i s   p a s t e  by hand and the   r e su l t an t  homogeneous mixture 
dried under vacuum. A l l  MoS2 mixtures were a t  20 percent by weight 
o f  t he  to t a l  so l id s  which i s  about  the  leve l  of  f i l l e r  in  commercial 
polyimide  moldings  claimed t o  have super ior  lubr ic i ty .  The l a t t e r  
mixture dried to a dark brown-black glassy sol id  which was subs t an t i a l ly  
more d i f f i c u l t  t o  g r i d d  i n t o  powder. The good film forming properties 
of the high molecular weight conventional route resin i s  the  most 
l i k e l y  cause of this. However, except  for  s l igh t  d i f fe rences  in  co lor )  
all three of the MoS~ mixtures appeared visually identical. The molding 
behavior was sr ibstant ia l$different  among the  three as shown by 
Table XXIX. A l l  moldings were dark, well compacteddisks but the varnish 
baPed molding powders gave much grea te r  f lash  and much lower density 
moldings. 
Graphite powder was used as a f i l ler  a t   t h e  20 t o  25 percent weight 
l e v e l  (Table X X I X ) .  The first molding (1028-96) appeared v i sua l ly  well 
cured and without powdery spots but very low in  spec i f ic  grav i ty .  The 
graphite did not appear exceptionally well dispersed with s m a l l  s i l ve ry  
specklee showing on a sanded surface. This powder, coded BB-1, had 
only a moderatly emall p a r t i c l e  size with 50 percent between 200 and 300 
mesh, and was mixed wi th  the  r e s in  in  a mortar and pestle t o  a uniform 
gray-black color.  In an attempt to get better mixing a f 'ugi t ive carr ier  
was used while mixing the graphite powder wi th  the  res in  for  the  next  
moldings. With acetone as t he  fug i t ive  ca r r i e r  t he  spec i f i c  g rav i ty  rose  
t o .  1.40 and 1.& f o r  moldings 1028-107A and B. The 1.44 spec i f ic  grav i ty  
corresponds t o  about 95 percent  theoret ical  densi ty .  A th i rd  repea t  of 
thie  condi t ion (1028-117A) gave a specif ic  gravi ty  of  1.42 which ind ica tes  
moderately good reproducibi l i ty .  The l a t t e r  three moldings were delivered 
t o  NASA Langley Research Center. 
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TABLE XXIX 
MOLDING QUALITIES OF  RESIN-FILLER MIXTURES 
Molding Redn rn of W t .  of Type of WI. Loss Specific 
Number Number Fi l le r  F i l le r  Filler-Resin i n  Molding , Gravity of 
% Mixing % Molding  Remarks 
1028-77 478-138 MoS2 x, BSA 13.1  1.44 Good; moderate flash 
1028-74 478-147 MoS2  20 Formic  Acid  26.4 1.48 Good; moderate flash 
1028-6 478-147 MoS2  20 NASA Varnish 44.0 1.32 Good flow; greasy &face 
1028-68 478-147 
1028-72  478-14  
1028-96  1039-5 Graphite BB-1 25 7.5 1.22 
M d 2  
M*2 
20 NASA Varnish 44.5 1.31 Fa i r ;  l o t i  of flash 
20 NASA Varnish 40 *5 1.33 Good; l o t s  of f lash 
1028-107A 1039-23 11 20 
20 1028-107B 1039-28 11 
19.4 1.40 
Used acetone as carr ier  
15.5 1.44 
1028-117A 1039-23 11 20 14.7 1.42 
1028-1208  1039-32 Graphite 20 water  18.8  1.36 Colloidal  dispers on 
1028-120B 1039-34 Gf;~h,te 15 15.2 1-45 
1028-12OC 1039-34 11 15 Formic  Acid 15.5 1-43 
1028-1ZlA 1039-37 II 1 5  15.0 l . W  Mixed with mortar and pestle 
1 5  15.7 1.40 Mixed with  mortar and pestle 1028-12lC  039-37 I1 
1028-81 478-147  Carbon  50 Formic  Acid 33.4 1.01 Good; l i t t l e   f l a s h  
1028-83 478-147  Alumina 50 Formic  Acid 28.4 1.19 Fair; powdery and dry 
1028-98 1039-4 Pyrrone Poirder 20 14.0 1.30 - diameter  disk 
1028-105  1039-12 Pyrrone 50 
Parder 
10.0 1.22 l* inch diameter disk 
1028r61 478-138 Si l ica  50 BSA 10.2 
1028-106  1039-15 Diamond 28.5 10.0 
1.09 Poor; dry and l i g h t  colored 
1039-20 
1.54 Good; well consolidated 
Molding conditions: 775'F a t  5,000 p s i  f o r  60 minutes 
The re la t ive ly  la rge  s ize  of  the  BB-1 graphite gave an aggregate 
type of appearance t o  t h e  sanded surfaces of the molding.  Another 
graphite,  a 22 percent  so l ids  co l lo ida l  graphi te  in  water, was mixed with 
s u f f i c i e n t   r e s i n   t o   g e t  a 20 percent graphite-80 percent resin mixture 
i n  water. Some water was added to  decrease the thickness  of  the resul t ing 
d ispers ion  for  eas ie r  mixing. The wet mixture was dried under vacuum 
overnight and then ground i n  a mortar and pestle t o  a f i n e  powder before 
molding  under the stme conditions as for the BB-1 f i l l e d  moldings. The 
molding (1028-1208) had a lower specific gravity and greater evidence of 
graphite agglomeration than was seen in the previous BB-1 g r a p h i t e  f i l l e d  
molding  (1028-1178).  Perhaps the residual  acid of  the resin powder 
( e i t h e r  BSA or hydrolyzed anhydride groups) destroyed the dispersion. 
Previous attempts to dilute the pure graphite suspension in formic acid 
or BSA r e s u l t e d  i n  immediate  agglomeration and precipi ta t ion.  This  molding 
was also delivered as part  of the contract .  
A t h i r d  and much f iner  dry graphi te  powder  was used as a f i l l e r .  This 
graphite passed better than 90 percent through a 325 mesh screen compared 
with less than 30 percent through for the BB-1. S ix  5 x 1 x l/.$-in. moldings 
were made wi th  th i s  g raph i t e  a t  t he  15 percent level (Table XXIX) . The 
f i rs t  molding (1028-120B) was made i n  a s  n e a r l y  i d e n t i c a l  f a s h i o n  as possible  
to  the  bes t  of the  BB-1 f i l l e d  moldings. The 1.45 specific gravity corresponds 
t o  lePs tha.n 2.5 percent void volume wi th  the  theore t ica l  dens i ty  a t  the  
1.1.8 l e v e l  f o r  15 percent loading. Even though the  spec i f ic  grav i ty  was 
excel lent ,  the  graphi te  was not dispersed as well as  desired.  A sanded 
surface showed re l a t ive ly  l a rge  a reas  of s i lvery  co lor  ind ica t ing  s igni f icant  
agglomeration of the graphite. Coating of the  ind iv idua l  graphi te  par t ic les  
WRS t r i e d  a s  a means of  overcoming t h i s  problem of agglomeration. About 
one th i rd  of the r e d n   r e q u i r e d   t o  make a molding was dissolved in  formic 
acid and the solut ion mixed with the graphite powde.  The formic acid was 
then evaporated off under vacuum, &he pyrrone "coated" graphite broken UP 
and then mixed with the .re s t  o f  t he  r e s in  in  a mortar and pes t le .  The 
molding (1028-12OC) had a s l i g h t l y  lower specific and no indicat ion of  bet ter  
grn.phite dispersion. The las t  two moldings (1029-12111 and 1018-121C) were 
made  by dry mixing the graphite with a mortar and pest le  as  before .  The 
moldings were a s   v i s u a l l y  homogeneous a s   t h e   e a r l i e r  moldings made w i t h   t h i s  
f iner  graphi te ,  but  the specif ic  gravi ty  was lower. The four moldings 
discussed e.bove were de l ive red   t o  NASA Langley Research Center. 
Colloidal carbon a t   t h e  50 percent loading level gave a v i sua l ly  good 
looking molding (1028-81), dark with good flow and no powdering evident,  
a l though the specif ic  gravi ty  was low (Table XXIX). Alumina powder gave 
a molding (1028-83) of intermediate appearance, dark in  color  with higher  
density than the carbon but lower than the M o S  and a l s o  i n t e m e d i a t e  
in  the  ex ten t  of powdery appearance. Colloida z s i l i c a  was added t o   t h e  BSA 
solut ions as was done for  the  MoS2. No segregation was evident during the 
prec ip i ta t ion  and washing s teps  but the molding (1028-61) which was  made 
with the s i l ica  was very poor. It had a dry, light colored appearance which 
suggested t h a t  t h e  r e s i n  had not wet the  s i l i ca  sur face .  
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Cured pyrrone r e s i n   i n   t h e  form of dust f'rom grinding tes t  specimens 
wae t r i e d  as a f i l l e r  i n  moldings 1028-98 and 1029-105 a t   t h e  20 percent 
and 50 perdent  levels  by weight respectively. The 20 percent  level  
r e s u l t e d   i n  a moderately good densi ty  molding 1/2 in .  in  diameter  with 
good color and integrity. The higher 50 pe rcen t  had ing  gave a l i g h t  
colored, much lower specific gravity, and f r a g i l e  molding. The second 
molding was 1-1/2 i n .   i n  diameter which could influence the molding 
propert ies  but  the higher  level  of  f i l l e r  i s  more l i k e l y   t o  be the cause 
of the poorer properties. 
Type RVG man-made i n d u s t r i a l  diamonds of 150 mesh were mixed dry  
with resin powder a t '  28.5 percent by weight and molded a t  775'F fo r  60 min. 
under 5000 ps i .  The resu l t ing  spec i f ic  grav i ty  was 1.54 as shown f o r  
molding 1028-106 i n  Table X X I X .  The sample had very good i n t e g r i t y  and color 
but was not  per fec t  v i sua l ly  as some porosi ty  was y i s ib l e .  The high specific 
gravi ty  of  the f i l l e r  gives a theore t ica l  spec i f ic  grav i ty  of  1.69 so t h a t  
the measured value of 1.54 corresponds t o  nr 9 percent void volume. Con- 
s iderable  d i f f icu l ty  was encountered machining flexural tes t  s t r i p s  from 
t h i s  molding. The diamonds i n  t h e  molding wore of f  the  smaller diamonds 
on t h e   s l i t t i n g  saw causing it to  hea t  and crack but no damage was done t o  
the  molding. After t ry ing  some carb ide  t ipped  s l i t t ing  saws with negative 
r e su l t s ,  u l t r a  son ic  machining succeeded though somewhat  more frequent 
rechaping of the cutt ing tool was required. 
Nine of t h e  e a r l y  f i l l e d  moldings were tes ted  for  f lexura l  p roper t ies  
at elevated temperatures and the data  are  shown i n  Table XXX. Along with 
the mechanical properties are l isted the molding spec i f i c  g rav i ty  and the  
theore t ica l  spec i f ic  grav i ty  based on t h e  l i s t e d  f i l l e r  content and 
1.40 mr pure res in .  The theo re t i ca l  spec i f i c  g rav i ty  ind ica t e s  how 
well densif ied the molding i s  and how t h e  f i l l e r  a f f e c t s  t h e  molding 
procePs. None of the f i l l e rs  appear t o  a c t  a s  mechanical reinforcing 
f i l lers  i n  t h e s e  e a r l y  moldings s ince the f lexural  skrengths  a t  500°F 
are  only 10 to  50 percent of the high average values shown i n  Appendix B 
while the resin content  var ied from 50 t o  80 percent. The  700°F s t rengths  
value9 are  bet ter  re la t ive to  these average values  except  for  the carbon 
black fillers. The other  700°F strengths vary from 25 t o  70 percent with 
the top end corresponding t o  full r e s in  s t r eng th  fo r  t he  indus t r i a l  diamonds 
where r e s i n  i s  a l so  ~ 7 0  percent by weight. A comparison of the 500°F 
modulus values with the high average values given in Appendix B shows a l l  
t h e  f i l l e d  modulus v a l u e s  a t  o r  below the unfil led values.  The M o S Z  mixed 
i n  the BSA solut ion and prec ip i ta ted  and washed with the resin gave the 
greate,ct improvement i n  modulus with the three lower density MoS2 NASA 
varniPh samples about normal i n  modulus. 
Grnphite f i l l e d  moldings made f'rom re s in   ba l l   m i l l ed   fo r   s eve ra l  
days with th f iner  graphi te  powder though otherwise the sama as the  
5 Y 1 x a,, moldings de l ivered  to  NASA appeared much more homogeneous i n  
appearance of cross section with individual graphite particles much 
f iner  in  s ize  andevenlydispersed  though epecif ic  gravi ty  was not  
r ign i f icant ly  h igher .  -One of these, 1028-122BY was t e s t e d  i n  flexurm 
and gave the  much higher etrength and extreme modulus values shown i n  
Table XXXI. I n  s p i t e  of the dramatic improvement i n  s t rength and modulus 
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TABLE XXX 
Flexural Properties of Filled Pyrrone Moliding 
500’~  700’F .- 9oooF Measured Theoretical 
Fi l ler   Strength Modulus Strength  Mdulub Strength Modulu .sWCiffC Specific 
Sample No. F i l l e r  Level p s i  psixlo-6 Psi psixlo- psi psifio-% Gravity  Gravity 
1028-65 M o s 2  & NASA x) 5,200 0.56 
varnish 
1028-68 MoS2 & NASA 20 7,420 0.68 
varnish 
“J 1028-72 MoS2 & NASA 20 6,540 0.54 
Q, varnish 
1.32 1.63 
1.31 1.63 
1.33 1.63 
1028-77 MoS2 i m  ELSA 20 6,450 0.712 4,160 0.34 1.44 1.63 
1028-81 Carbon black 50 1,880 0.377 66 0.003 1.01 1.63 
1028-106 Industr ia l  28.5 8,170 0.54 8,730 0.38 2,790 0.137 1.54 1,69 
diamonds 
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TABLE XXXI 
FLEXURAL P R O F ’ E W B  OF’ W P H I T E  FILLED PPRRONE MOLDING TYPICAL OF DEZIWIABLE RODS 
5oooF 
Filler 
Level  Stxength ~ o d u l u s  
$amlo NO. - Filler A- P s i  ps i  x 10- 
3 1028-122B Graphite 15%  8,350 1.51 
Powder 
9 0 %  32 mesh 
ll,lOO 1.81 
13,100  1.74 
Average 10,800 1.67 
Measured Theoretical 
Strength Modulus Specific Specific 
t3si psi x 10- Gravity  Gravity 
2160 0 325 1.38 1.53 
2570 o.w.0 
2370 0.27 
the  f i l l e r  diepersion was not t ruly homogeneous so t h a t   f u r t h e r  
improvements should be possible.  
Th i r t een  f i l l ed  p l a t e s ,  8 p  x 3$' x p, were molded from a b a l l  
milled mixture of  f ine graphi te  powder and pyrrone resin per the 
schedule for the delivered bars.  The physical data on these moldings 
i s  shown i n  Table XXXI. The spec i f i c  g rav i t i e s  though somewhat low 
show a cons is tency  tha t  ind ica tes  a reproducible process. 
Since many of  the use areas  for  comercial ly  avai lable  polyimide 
moldings a re  in  bea r ing  uses ,  t he  wear charac te r i s t ics  of  the  graphi te  powder 
f i l l e d  molding were looked a t .  Wear tests were started with paired samples 
of pyrrone-20 percent BB-1 graphi te  and 15  percent graphite loaded polyimide 
moldings. Pieces 0.400 in .  wide and one inch long were machined with a 
one curved face which had a 3.25 in .  dbmmeter cy l indr ica l  sur face  to  wear 
against  a 3.25 in. diameter s teel  disk. The  two tes t  pieces had thermocouples 
embeded 0.104 in .  and 0.164 i n .  ,from the  wear surface for the pyrrone and 
the polyimide respectively. Both pieces were run a t  N 100,000 PV fo r  
about two days. The equilibrium temperatures recorded by the thermocouples 
( a f t e r  8 hr. of running) were 200°F and 2 a ° F  for the pyrrone and the polymide 
respectively. Since the thermocouple was c loser  to  the  wear edge for  the  
pyrrone an even greater temperature differential i s  indicated.  
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Molding # 
1028-135A 
1028-135B 
1028-136A 
1028-136B 
1028-137A 
1028-137B 
1028-1388 
1028-138B 
1028-138C 
1028-14OA 
1028-14OB 
1028-14OC 
1028-1&LA 
Resin # 
TABLE XXXII 
PHYSICAL DATA ON FILLED  BARS 
1039-2’7 
1039-27 
1039-27 
1039-27 
1039-27 
1039-27 
10 39-  27 
1039-27 
1039-27 
1039-27+ 
1039-35-60 
1039-35-60 
1039-35-60 
1039-35-110 
$ Graphite 
15 
15 
15 
15 
W t  . 
Gms . Volume cc 
103 .o 
101.3 
100.8 
100.8 
103.1 
101.2 
102.6 
108.1 
104.0 
101.7 
110.3 
110.8 
109.9 
Specific 
Gravity 
1 375 
1.38 
1.38 
1.39 
1.36 
1.38 
1.39 
1-39 
1.40 
1.38 
1.40 
1.40 
1.40 
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VIII. CONCLUSIONS 
Pyrrone polymers have been synthesized by means of novel oligomer 
route,  and bo th   f i l l ed  and unf i l led  moldings have bean made and subjected 
t o  mechanical and thermal tests. 
The pyrrone molding powder was synthesized as short chain, low 
degree  of  polymerization (DP) oligomers  of benzophenone te t racarboxyl ic  ' 
acid dianhydride (BTDA) and tetraaminobiphenyl (DAB) . One oligomer had 
a DAB molecule capped on e i the r  end by a BTDA molecule; the other  
oligomer was just  the reverse .  Each o l i  omer  was synthesized separately 
i n  benzene sulfonic  acid (BSA) a t  17OoC qL&3%), then mixed togehter 
i n  E A ,  and the  powder was precipi ta ted from the resul t ing solut ion.  
I n i t i a l l y   t h e  powder was made i n  100 gram batches but scale-up t o   f i v e  
pound (2268 grams) batches was successful. 
The low I1p pyrrone powders were compression molded a t  temperatures 
of 70O0-80O0F  (64.4°-7000K), a t  p re s su res  o f  5,000-13,000 p s i  (34-90 MN/m2), 
f o r  one hour. The partially cyclized short  chains cyclized more completel$r 
and combined Bo form longer chains. Although these oligoaers generated 
only a third as much volati le material  as the previous pyrrone molding 
powders, i t  was necessary t o  use  g lass  f iber  c lo th  as  an escape path for 
the volat i les  during molding. The flow and weight loss which were obtained 
during molding were proport ional  to  the acidi ty  of  the powder. Moldings 
which were 5 x 1 x 1/4 inch (127 x 25 x 64 mm) were read i ly  made. Large 
moldings (8-1/2 x 3-1/4 x 1/4 inch, 216 x 83 x 64 mm) often cracked i n   t h e  
press. Although several  var ia t ions of the  molding cycle were t r i ed ,  t he  
precise reason for the cracking was not determined. Particulate fillers, 
espec ia l ly  molWenum disu l f ide  and graphite,  were added t o   t h e  powder 
and both small and la rge  moldings were made of t h e   f i l l e d  powder. 
Flexural and thermal tests of pyrrone moldings were made t o  examine the 
effect  of  synthesis  and molding process parameters, and to  e s t ab l i sh  a 
body of reference data for future tests. The flexural strenghh and 
modulus of the best  moldings were 17,500 and 920,000 ps i  (121 and 6,342 MN/m2) 
a t  room temperature, and 3,000 and 250,000 psi  (21 and 1,723 MN/m2) a t  
l,OOO°F (81l0K3. The t e s t  moldings had a xeight loss of 26 percent  af ter  
1,000 hours of ageing i n   a i r   a t  600°F (589. K) , t he   f l exura l   p rope r t i e s   a f t e r  
ageing were scarcely affected.  
The addition of f i l l e r s   g e n e r a l l y  caused a reduct ion in  both f lexural  
s t rength and modulus with the exception being very fine graphite powder. 
The f ine graphi te  when bal l  mil led as  a  f i l ler  a t  15% loading showed only 
a modest decrease in  f lexura l  s t rength  but  a  la rge  ( 2 X )  increase  in  modulus 
a t  500°F. The apparent compatibility of the Pyrrones with lubricating 
type   f i l l e r s   i nd ica t e   t ha t   t he  Pyrrone moldings may be useful as  high 
temperature bearing materials. 
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Appendix A - Machinability  of  Pmrone Moldinas 
Machining operations were attempted with a f l y   c u t t e r  
s ingle  point  tool ,  a two f lu t e  mi l l i ng  cu t t e r ,  a fou r  f lu t e  
mi l l ing  cu t te r ,  and alumina wheel and diamond wheels and s l i t t i n g  
sawe. The f l y  c u t t e r  always l e f t  a fractured edge when the  cu t t e r  
le f t  the  p iece .  The  two f l u t e  c u t t e r  and the four f l u t e  c u t t e r  
were much better with edge chipping much reduced a t  equivalent 
cut t ing edge speeds and surface removal ra tes .  For example a 
1 in .  four  f lu te  cu t te r  running  a t  600 rp’ and taking a 0.015 in .  
cut  per  pass  a t  a 1 in./min. feed r a t e  showed edge chipping along 
30 percent of the exit  edge. The most e f f i c i en t  t oo l s  were the 
alumina wheels and diamond wheels for surface grinding, and the 
diamond s l i t t i n g  saws f o r  rough s iz ing  of samples  Typical 
conditions for using diamond grinding wheels t o  shape 1/4 in .  
diameter rode from 5 x 1 x 1/4 in.  bars are given in Table A - I .  
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TABLE A- I  
MACHINING  CONDITIONS  FOR 1/L" DIAMETER RODS 
diamond grinding wheel 
For roughinp cut 
For Final Cut 
Lathe spindle speed, W1 
Dumore Grinder wheel speed, W 
Grinder wheel feed velocity, $1 
Depth of  Grinder  cut/pass, dia.  i n i t i a l -d i a .  f i na l  
2 
Lathe spindle speed, W1 
Dumore Grinder wheel speed, W 
Grinder wheel feed velocfty, $l 
Depth of  Grinder  cut/pass  dia.   init ial-dia.   f inal  
2 
= 1400 RPM 
= 8300 RPM 
= 0.0185 inches/sec . 
= 0.030 inches 
= 1400 RPM 
= 8300 RPM 
= IU 0.012 inches/sec. 
= 0.005 inches 
For f inal  pol ish 
Use 600 A wet o r  dry emery cloth by hand 
AoPendix B - Pyrrone Moldinn Propert ies  
Property determinations were made on pyrrone moldings in   add i t ion  
to those used for directing the contract  research. I n  pa r t i cu la r  da t a  
on t e n s i l e  and compressive propert ies  as a function of temperature and 
thermal expansion t o  6000F were obtained. Figuree B-1 and B-2 show 
the average of the best seven values of flexural s t rength and f lexura l  
modulus, respectively,  as a function of temperature. Table B-1 l ists  
the  tens i le  proper t ies  and Table B-I1 l i s ts  the  compressive propert ies  
of the same molding a s  a function of temperature. 
The t e n s i l e   t e s t s  were made on a rectangular cross-section dog 
bone shape with both width and thickness reduced a t   t h e   t e s t   s e c t i o n .  
The gr ip  sec t ion  was also reinforced with a thin pgenolic laminate or 
aluminum bonded on with epoxy adhesive for the 500 F and room temperature 
tes t  pieces  respect ively.  I n  s p i t e  of t h i s  both the room temperature 
and 5oQ’?F samples f a i l e d  a t  t h e  ehoulder. The t rans i t ion  a rea  from the 
g r ip  sec t ion  to  the  t e s t  s ec t ion  was not  f inished as  smoothly as the  
t e s t   s e c t i o n  and thus  fa i lure  may be an indicat ion of notch sensi t ivi ty .  
The data  are  shown i n  Table B-I. 
Compressive data were obtained a t  room temperature, 500°, 700°, 
%IOo, and lOOOoF and are shown i n  Table B-I1 . The f a i lu re  mode appears 
t o  be the same a t   a l l  temperatures; a b r i t t l e  t ype  shea r  f a i lme  as 
shown inoFigure B-3. This type of fafiure without any flow a t  900 
and 1000 F is  i n  sharp contrast  to the many samples t h a t  have shown 
qu i t e  duc t i l e  behavior i n  f l exure  t e a t s  at  these temperatures.  
The thermal expansion of  pyrrone molding 1028-61-A ( p = 1.35) 
yas measured  from -200 t o  60O0F.  The resulting curve is shown i n  
Figure B-4. The data  show thnt the pyrrones have about one half  the 
expansion quoted f o r  polyimide resin poldings of 25-35 micro inches 
per inch per degree Fahrenheit. The breaks i n  t h e  curves are  real  
i n  term of the instrument sensit ivity and repea tab i l t ty  but  insuf f ic ien t  
t e s t s   h m e  been done on the pyrrones to say whether the position i s  a 
function of molecular structure or vagaries i n   t h e  molding his tory.  
The f a c t   t h a t  two samples from different  res in  batches have shown 
a break a t  about 240°F and 450-5OO0F indicate the breaks may be 
f’undwntal  f.n nature and t i ed   i n   w i th   s t ruc tu re .  
The g ta t i c  coe f f i c i en t  o f  f r i c t ion  between a ground pyrrone surface 
and smooth steel (Johrnrwngage block) was found t o  be 0.211 by the  
inclined plane method. 
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TABLE B-I 
TENSILE PROPERTIES OF PpReOm MOLDINGS 
Ultimate 
Strength Modulus 
P s i  psi x 10-6 
75 8850* 0 .783 
500 6100* 0.727 
700 25G 0.188 
*Indicates  fa i lure  a t  shoulder 
Strain t o  
Failure % 
1.19 
1.13 
1.23 
1.12 
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TABLE B-I1 
COMPflESSIVE PROPERTIES OF PYRRONE  MOLDINGS 
75 
500 
700 
900 
1000:- 
Ultimate 
Stpength Modulus 
p a i  Psi x 10- 
u ,  600 0 . 0 0  
St ra in   t o  
Failure 
L* 
3.56 
3.90 
1.53 
2.67 
0.92 
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Figure 8-3 FAILURE MODE FOR COMPRESSION SAMPLES OF MOLDED PYRRONE 
' AS  A  FUNCTION OF TEMPERATURE 
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Figure 6-4 THERMAL STRAIN AS A FUNCTION OF TEMPERATURE FOR AN OLIGOMER ROUTE 
PYRRONE MOLDING AND A  COMMERCIAL  POLYIMIDE 
IX. R E m N C E S  
1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
Bell, Vernon L,; and  Pesdirtz,  George F.; Pyrrone - A New  Class 
of Aromatic  Step-Ladder  and  Ladder  Polymers.  Paper  presented 
at the 8th National  Symposium  of  the  Society  of  Aero-Space 
Materials  Process  Engineers  (San  Francisco,  Calif.), May 23-26, 
1965. 
J.F. Brown, Jr., Double  Chain  Polymers  and  Non-Random  Crosslinking, 
J.  Poly.  Sci.,  Part  C, 1, 83097 (1963). 
F. Dewans  and  C.S.  Marvel,  Polymers  from  Ortho  Aromatic  Tetramines 
and  Aromatic  Manhydrides,  J.  Poly.  Sci.,  A3, 3543, (1965). 
P.M.  Hergenrother,  W.J.  Wrasidlo,  and  H.H.  Levine,  High-Temperature 
Structural  Adhesives, 116 pp (1964), AD 602679. 
T. Kubota  and R. Nakanishi,  Preparation  of Fully Aromatic  Polybenzoxazoles, 
J.  Poly.  Sci., E&, 655 (1964). 
M.M.  Tessler,  Theoretical  Studies  on  Thermal  Degradation  of  Ladder 
Polymers, ML TIR-64-151 (September 1965). 
G.F. Pesdirtz  and V.L. Bell,  An  Exploratory  Study  of a New  Class  of 
Stepladder  and  Ladder  Polymers,  Polyimidazopyrrolones, NASA TN D-3148, 
1 October 1965. 
R.L. Van  Deusen, O.K. Goins  and  A.J.  Sicree,  Some  Properties  of 
Polybenzimidazophenathroline z, ACS  Polymer  Preprints, 
vol. 7, no. 2, Sept. 1966, pp. 528-534. 
L.E.  Karre,  L.B.  Keller,  and  L.J.  Miller,  Development  and  Processing 
of Pyrrone  Polymers, NASA CR-1310, May 1969. 
10. J.G.  Golson,  R.H.  Miche1,and  R.M.  Paufler Polybenzolyenebenzimidazoles, 
J.  Poly.  Sci.,  Part  Al,  Vol.4 59-70 (19663. 
11. B. Sillion  and  A. Reboul, C.R.  Acad.  Sc.  Paris, +262, p. 471-474, 
(7 February 1966). 
12. E.N. Telashor  and  A.N.  Pravednikv,  Synthesis  and  Properties  of 
Polybensimidasopyrrolene, NASA TT F-10, 985. 
13. G.E.P. Box and  J.S.  Hunter,  Technometrics f, 331, 44 (1961). 
14. R.A. Stowe  and R.P. Mayer , Ind.  Eng . Chem. 2, 36 (1966) . 
15. C.R Hicks,  Fundamental  Concepts  in  the  Design  of  Ekperiments, 
Holt,  Rinehart  and  Winston (1964). 
16. L.W. Frost  and G.M.  Bower,  Synthesis  of  Pyrrone  Polymers, 
NASA-CR 66693 (June 1968). 
90 NASA-Langley, 1970 - 18 CR-1633 
